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BINUCLEATE CELLS IN CERTAIN HYMENOMYCETES.
Robert A. Harper.

(with PLATE i)

Including the basidia and spores, Rosenvinge found that the

cells of the Basidiomycetes contain from one to many nuclei.

He was of the opinion that the uninucleated condition is typical

and that only the uninucleated cells divide, the multinucleate

condition arising secondarily by division of the originally single

nucleus of each cell.

Two notes by R. Maire (9, 10) in the Comptes Rendus of July

9 and December 24, 1900, report that the hyphal cells of the

young carpophore in a large series of Hymenomycetes are

regularly binucleated. This discovery throws a new light on the

question as to the nature of the nuclear fusions in the basidium,

and indeed on the whole question of the morphology of the

carpophore. In view of the many times suspected relationship

of the Basidiomycetes and Ascomycetes and the seemingly

natural assumption of the equivalence of the nuclear fusions in

the ascus and basidium, my own work on the ascus led me to

desire further confirmation of the results given by Maire, and
especially further light on the number and nature of the nuclei

in the mycelium as well as the carpophore of the Hymeno-
mycetes. In his first note Maire describes obseryations on a

series of nine genera of Agaricineae, Polyporeae, etc. In all these

genera he finds that the mycelial cells of the young carpophore

1
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are binucleated. In the mature carpophore the majority of the

cells in the stipe and pileus are multinucleate, but this condition

arises from the amitotic fragmentation of the two nuclei origi-

nally present in each cell. The subhymenial cells from which

the basidia spring and the paraphyses are always binucleate.

This involves the remarkable fact that all the cells which are

directly concerned in producing the basidiospores are through-

out their development binucleated. In other words, all the cells

of the Keimbahn are binucleated, the multinucleated condition

only arising in cells of strictly limited development and found

in the organs of nutrition, support, transportation, etc. Maire

also finds that the pairs of nuclei divide simultaneously as

"conjugate nuclei" (12), so that in the successive cell genera-

tions which arise in the development of the carpophore the two
.

nuclei in each cell are always of widely separated nuclear

ancestry, the whole condition duplicating exactly what has been

described by Dangeard and Sappin-Trouffy (3) and Foirault

and Raciborski (12) for the rusts. Further, in the young

basidium two and only two nuclei are always present, just as in

the teleutospore of the rust. These two nuclei fuse to form the

primary nucleus of the basidium, which then divides twice to

furnish the nuclei for the typically four basidiospores. The

descriptions of Rosen (13) and Wager (16, 17), according to

which a series of nuclei fuse successively in pairs to form the

primary nucleus of the basidium, are entirely incorrect according

to Maire for the large series of forms examined by him.

In his second note Maire describes observations on a series

of Gasteromycetes, in which he finds exactly the same con-

ditions as described above for the Hymenomycetes.
Maire believes that the fusion of nuclei in the basidium is

without doubt sexual in its nature, since the pronuclei which

unite are of widely separated origin, although passing the whole

course of their development in a single cell series. These facts

bring the carpophore of the Basidiomycetes into closest paral-

lelism with the whole life cycle of the Uredineae, both as to the

nature of their vegetative cells and in the similarity of the
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processes in the basidium with those in the teleutospore and

promycelium. The only marked difference is in the fact that

the promycelium of the rusts is a septate basidium with lateral

spores instead of a one-celled basidium with apical spores.

Should Dangeard's (2) claim that the vegetative cells of the

so-called Protobasidiomycetes are binucleate be confirmed, a

very complete parallelism would be demonstrated between the

latter and the rusts of the Coleosporium type. Maire says little

of the mycelia of the Basidiomycetes which he has studied.

The mycelium of Cop says, has uni-

nucleated cells ; where the transition from the uninucleated to

the binucleated condition occurs he does not say.
;

Maire describes at some length the division of the nuclei in

the basidia. The pairs of nuclei as they divide in the mycelium

have each four chromosomes. The fusion nucleus in the

basidium shows four chromosomes, both in its first and second

divisions. The accuracy of these points can be better judged

when the author publishes his figures. He also describes a

peculiar and interesting behavior of centrosomes at the time of

the formation of the sterigmata. The centrosomes lie at the

points on the basidial wall where the sterigmata are to bud out.

From these centers fibers differentiated out of the cytoplasm

extend to each of the four nuclei which lie at the base of the

basidium. Under the influence of these fibers the nuclei gradu-

ally approach the vertex of the basidium.

In the light of Maire 's observations it becomes probable that

the observations of Strasburger (15), Rosenvinge (14), Istvanfifi

(8), and others, according to which the cells of the Basidiomy-

cetes are regularly multinucleated, were based only on a study of

the old vegetative cells of mature sporophores, whose multi-

nucleated condition is secondary and developed in connection

with their special enlargement as supporting cells for the vari-

ously placed hymenium. Wager says very little as to the nuclei

of the vegetative cells and does not describe the condition of

the subhymenial cells, though he describes the hyphal nuclei

as wandering into the young basidium in pairs (17). His
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descriptions relate mainly to the phenomena in the basidium,

but he has figured (17,//. XVII, fig. 1) part of a hyphal cell with

a pair of nuclei, which from their position and size suggest that

they may be the only nuclei in the entire cell.

An investigation, not yet published, of the structure and

development of Tremella mycetophila, parasitic on Collybia dryo-

phila, by a student in my laboratory, showed that the carpophore

of the Collybia contained regularly binucleate cells.

The species of Hypochnus, owing to their simple structure

and the loose branching habits of their basidium-bearing hyphae,

are very favorable material for the investigation of the nuclear

phenomena in the mycelium and young hymenium. Species

growing on very rotten wood are specially adapted for good

fixation and sectioning. A species agreeing fairly well with

Hypochnti that the setae are brown, is

abundant in this region. The material in all stages of develop-

ment from vegetative mycelium to well-developed hymenium

with ripe spores can be readily obtained in the fall months.

My material was fixed in Flemming's and in Merkel's solu-

tions, and was sectioned and stained with the safranin-gentian-

violet-orange method.

It became apparent at once, as was to be expected, that the

cells of Hypochnus, which develops no carpophore of sterile

tissue, were regularly binucleate throughout, with the exception

of the old stalk cells of the cystids and perhaps the cystids

themselves. The conditions in this respect duplicate as nearly

as possible those in a rust of the type of Coleosporium sonchi-

arvensis. As is well known, the genus Hypochnus includes a

group of the very simplest known Hymenomycetes. The

mycelium ramifies in the substratum of decaying wood or rich

earth and produces a simple hymenial layer on its surface made

up of basidia alone, or, in some species, with intermingled

cystids. As the genus is described, there is nothing to repre-

sent a carpophoric structure.

The hymenium is itself quite loose. At first it consists

merely of scattered, erect basidium-bearing hyphae, which are
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readily isolated and show a basipetal habit of branching, very

well represented in the figure (137, p. 3 01 )
OI De Bary's Hand-

book (4). The successive development of such erect hyphae and

their becoming interwoven and pressed together results in the for-

mation of the hymenial layer. At first these erect fertile hyphae

can be readily isolated and studied in the living condition, as was

done by the older authors, the entire system of branches from a

single main trunk being thus very easily and accurately worked

out, as shown so well in the figure referred to above. In stained

sections, too, these earlier tree-like fertile branches stand out

with beautiful distinctness, and show basidia in all stages of

development, and with their nuclei in all conditions. The order

of succession in the development of the basidia can be traced

with perfect accuracy. Later, as the hymenial layer becomes more

dense, these individual twig systems can be no longer differen-

tiated, though there is no question that the further development

consists in nothing more than the pushing up of additional erect

hyphal branches among those earlier developed. The species

investigated forms a delicate frost-like growth on the surface of

very well rotted logs, and should be collected in damp weather.

The substratum was so soft as to offer no special resistance in

cutting, and it was therefore possible to take off thin slices of

the substratum several millimeters square and fix them with

practically no disturbance of the fungus.

The mycelium was found ramifying through the decayed

wood cells in all directions. The peculiar clamp connections,

described by Hoffman (7) between adjacent cells of a hypha,

were abundant. In fact, they seemed to be present at one or

both ends of nearly every cell. Brefeld (1) has described these

clamps in Coprinus as originating in a tube which pushes out

from the end of one cell, bends over, and fuses with the end of

the next adjacent cell. Brefeld finds that before the clamp

tube fuses with \he second cell it is separated from its parent

cell by a septum. Later he finds also that a second septum is

put in, replacing the walls broken down in the fusion. The

mature clamp is thus cut off by a septum from each of the two
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cells which it connects. I have not observed the development

of these clamp connections in Hypochnus, but in the mature

condition as they are universally found in my material they

show but one septum, and that apparently on the cell from

which the clamp-tube originated. The significance of these

structures is not clear. Presumably they facilitate the transfer

of excess food materials and moisture from one cell to another,

but just how they are adapted to this function is not evident

from their structure. I have not observed in Hypochnus the

granules or plates on the septa between adjacent cells which are

so common in many Basidiomycetes and Ascomycetes (5, 7)>

and which probably indicate the location of some sort of pores

for communication between the hyphal cells. In Coprinus, as

we shall see later, such plates are present in great abundance,

and have a very characteristic appearance.

The mycelial cells of Hypochnus vary considerably in length,

though of fairly constant diameter in the mature mycelium.

A cell of about average proportions is shown in fig. 1. In the

specimens studied the hyphae formed no dense wefts or strands

in the substratum. On the whole it seemed rather loose and

sparse. The vessels of the decaying wood with their large

empty cavities afforded a favorable opportunity for studying the

hyphal cells, the hyphae cutting through these cavities in all

directions, but never filling them densely. The mycelial cells

are practically without exception binucleate. The two nuclei

generally lie rather close together and near the center of the

cell, but they may be at opposite ends, or otherwise placed in

the cell. Fig. 10 shows that, however the pair may be located

in the cell, they are generally rather close together. These

nuclei show, in well-stained preparations, a nucleole and chro-

matin sharply differentiated, and are sharply bounded by a

nuclear membrane.

Fusions (6), such as have been described by many observers

between cells that are near together or in contact, are quite

common in Hypochnus. There is no clear evidence that in this

case they have any other significance than as channels for the
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interchange of food materials, etc. Such a fusion is shown

\nfig. io, in the lower right-hand part of the subhymenial tissue.

The mycelium of Hypochnus in the case studied forms no

felt of hyphae on the surface of the substratum, apparently,

until the time has arrived for the formation of basidia. That

is, through its purely vegetative existence it is entirely buried.

When the hymenium is to be formed, erect aerial branches are

pushed up, and branch into the tufts referred to above as figured

by De Bary. The main axes of these tufts are never close

packed, but arise from the substratum at relatively considerable

distances from each other. Their abundant interlacing branches,

however, form a dense hymenial layer higher up. We have

thus a condition in this respect resembling a diminutive forest,

or growth of shrubbery, whose branches and twigs are densely

interlaced, while the trunks from which they arise are separated

by relatively wide open intervals. This is shown, with a modi-

fication noted below, in the semi-diagrammaticy%. io. The whole

mass of the hymenium here shown is supported by the three

hyphae arising from the substratum. The figure, to be sure, is

of a section, so that part of the hymenial cells belong really to

other twig systems arising above or below the level of the sec-

tion. A corresponding portion of the branches of the two main

hyphae figured lie also above or below the section, and hence

do not appear, so that the proportion of peripheral branches to

main axes as shown is not materially affected. The case is

further complicated frequently by proliferation from the surface

of an old and apparently exhausted hymenial layer. This is the

condition shown in the figure in question, where the hymenium

which shows the immature basidia has been superimposed on

the surface of an older one. The upper surface of the latter is

very clearly indicated, and it is at once seen that the same

method has been employed in forming the second hymenial

layer as in the first case. The old hymenium has become the

substratum out of which arise scattering vertical hyphae, which

by their copious branching then form the new hymenium. The

old hymenium is seen to consist of a mass of hyphal cells very



8 BOTANICAL GAZETTE
[JANUARY

poor in content which have replaced the basidia. The latter,

as in all true Basidiomycetes, collapse soon after their spores

are ripened.

Whether this habit of forming new hymenia by proliferation

from those already exhausted is due to alternation of favorable

and unfavorable conditions of moisture, etc., I am not sure. It

is also uncertain whether a single hymenial layer may go on

indefinitely producing new basidia to replace those which have

ripened their spores as long as conditions are favorable for

growth. Such continuous unlimited growth is quite possible by
the basipetal method of branching shown in De Bary's figure.

It would not result, however, in the formation of a second new
hymenium, such as is shown in fig. 10, and it seems quite

probable that the latter has been secondarily formed after a

check to growth due to cold or drouth sufficient to stop the

formation of basidia in the first hymenium. Whether a third

hymenial layer might be developed in the same manner I have
not determined. No such case has been found in the material

so far studied.

It is interesting to note that, although the structures described
for Hypochnus are extremely delicate and of microscopic size,

the process of forming the new hymenial layers is essentially the

same as that found in the larger stratified Polyporeae. Hypoch-
nus, as we see, is really stratified, though not so described, and
though lacking any markedly differentiated pileus. In the

large woody fungi of the stratified Fomes type the new hymenial
layers are formed as layers of pores and in successive seasons.
But the method of their development by proliferation of new
basidium-bearing hyphae from the old mycelial tissue of the

previous season is essentially similar to that described above (so

far as is known), except that the process is on a*larger scale in

Fomes, and the layers formed are of visible thickness.
If we look more closely now at the actual method of branch-

ing of the basidium-bearing hyphae of Hypochnus, we find, as

indicated above, that the new branches are regularly produced
basipetally. Each end cell becomes a basidium, and before this
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apical basidium is more than half developed the cell beneath it

pushes out a new basidium {fig. 4) which grows up beside the

first. Later a second {fig. j), and in some cases even a third,

basidium may bud out on different sides and just beneath the

basal wall of the first basidium. This gives the appearance of a

stalk cell bearing a cluster of basidia at its apex. Since these

basidia are pushed out successively, however, and their formation

consists essentially in a process of cell division, the whole clus-

ter represents really a basipetal series. The stalk cell becomes

successively, at least as far as the nuclei are concerned, the

sister-cell of each developing basidium as it is cut off. At the

same time, from cells below the stalk cell of the first basidium

lateral branches may be given off and grow to a length of from

one to several cells, according to the level at which they arise

from the main axis. Still further branchlets may arise from the

cells of these lateral branches. In the end the apical cells of

all these branches become basidia, and just beneath the septa

which cut off these basidia one or two further basidia bud out.

The basidium terminating the main axis of such a system is

always the oldest and ripens first. The clusters produced on

the lateral branches push up to the height of the main ax's, but

not higher, and ripen successively. The whole process is easily

understood from a study of De Bary's figure and figs. 2-4, 7, 9,

10. With reference to their method of branching, we may

compare such hyphal systems with their basidia to a flat topped

cyme among the flowering plants.

The entire fruit body of Hypochnus is composed thus of a

series of such cymosely branched hyphal systems, whose

branches are intricately interlaced and packed together. Such

a hymenium is strictly a compound structure made up of a

series of similarly branching fertile hyphae. The only unity to

be found in it lies in the fact of its possible origin from a single

mycelium produced by the germination of a single basidiospore.

As a matter of fact, it is highly improbable that such unity as

this ever really exists in any given case. It is much more likely

in the majority of cases that mycelia from different spores are
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mingled in the substratum, and that any particular hymenial

layer is made up of fertile branches from different mycelia.

Their ability to combine into the even homogeneous films

extending over many square centimeters would be wholly due

to their similar environment and their mutual interaction, and

not to any unity of origin, since each mycelium must be

regarded as an independent plant.

It is plain that this conception of the Hypochnus hymenium
as a compound having no strict individuality is of great impor-

tance for determining the morphological value of the more

complex carpophores of the higher Basidiomycetes, and in com-
paring them with the fruit bodies of the Ascomycetes, which arise

typically at least as units from the cell or cells of a sexual appa-

ratus, so far as their fertile ascus-bearing hyphae are concerned.

The cells of the hyphae which occupy the place of the old

hymenium in fig. 10 are very poor in protoplasmic content.

Among them are the empty and partly collapsed cell walls of

the old basidia, which are scarcely recognizable, owing to the

growth and crowding of the new mycelial tissue. How this new
growth arises from the subbasidial tissue I have not been able

to make out. The old basidia and their connections cannot be

traced at all definitely at such a stage as is represented in fig.
io. There is no reason for anticipating anything especially

noteworthy in the details of such a proliferation. The fact that

it occurs, however, is a still further point of difference between
the Ascomycetes and the Basidiomycetes. The former never

show such secondary hymenia developed on the surface of o

hymenia. The ascogenous hvphae show

Id

freq »

but none the less ultimately a definitely limited, growth, result-

ing in a characteristic fruit body, the ascocarp ; while the merely
vegetative hyphae which bear the basidia may prolong and

repeat at intervals the development of new hymenial layers.

The stromata of Diaporthe, and other similar types which
may show more or less secondary growth, are not ascocarps, but

vegetative mycelia bearing ascocarps imbedded in their sub-

stance (18).
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The cells of the old hymenium, like those of the mycelium

buried in the substratum, contain regularly two nuclei. These

are usually placed rather close together, as noted above. The

apical cells which are to form basidia contain regularly two, and

only two, nuclei. I have found no exceptions to this rule,

though doubtless such occur as abnormalities, as pointed out by

Maire. The young basidium is also regularly separated from

its stalk cell at an early stage, so that in Hvpochnus there is no

chance for such a migration of pairs of nuclei as Wager thinks

probable. The conditions are especially favorable in Hypoch-

nus for determining this point. In the subhymenial tissue of

the agarics the hyphae are so densely packed, in many cases

forming a pseudo-parenchyma, that it is difficult to trace the

path of a single hypha for any distance, or to determine just

what the connections of the basidium at its base may be. In

Hypochnus the loose branching makes it possible to determine

just how and when each basidium has been formed and cut off,

and it is certain for this case that Maire's general statement that

two, and only two, nuclei are cut off in the young basidium is

true, as opposed to those of Rosen (13) and Wager (16). The

stalk cells also contain two nuclei. The conditions just

described are well illustrated in figs. <?, J, and 7.

Whether the two nuclei of the cell from which the basidium

is cut off divide simultaneously, and whether simultaneous

nuclear division
(

4I conjugate nuclear division " of Poirault and

Raciborski [12]) occurs generally in the formation of new cells

in the mycelium, I have been unable to determine with certainty.

That this is the rule in the case of the binucleated cells of the

rusts there can be no doubt. The work of Dangeard and Sappin-

Trouffy (3) and Poirault and Raciborski (12) establishes this

fact and I have been able to confirm for myself their results on

this point. As to the details of the so-called conjugate division,

however, the figures so far must be considered as very unsatisfac-

tory. The evidence presented by Sappin-Trouffy and by Poirault

and Raciborski is not at all convincing on any points further

than that the nuclei lie side by side and divide simultaneously.
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In the same way I have also found great difficulty in obtain-

ing satisfactory figures of the nuclear division in the cell from •

which the basidium is cut off, and prefer to reserve judgment on

the whole process until more satisfactory methods of prepara-
tion have been worked out for this material. Maire in both his

papers referred to describes the nuclear division as of the conju-

gate type, the same as in the rusts. Still the evidence is not

clear, and in the formation of the secondary basidia, which bud
out from the stalk cell of the one first cut off, figures are not

uncommonly found which point to a different process. Fat
example, in fig. 4 it is seen that one nucleus is already in the

young basidium, while one has remained in the stalk cell. It

would seem as if the next step would be the division of these

nuclei in situ, giving two sister-nuclei, for the
and another pair of sister-nuclei for the stalk cell.

y

The stalk cells contain quite g
basidia have been cut oft (Jigs. 2 and 7). I have also found a

number of cases in which the two nuclei of the mother-cell of

the first basidium of a cluster were dividing simultaneously.
The figures, however, were dense and unsatisfactory, resembling
the figures of the conjugate division in the rusts referred to

above; and, while affording evidence of simultaneous division,
are not, in my opinion, to be regarded as at all typical. Maire
states that all the Hymenomycetes studied by him show four

chromosomes in these mycelial nuclei, but in the absence of

figures it is difficult to judge of the evidence on which this con-
1 » * 1 1

elusion is based.

growth of th

mm grow rap
l basidium. This very notable increase in their

size seems to have been regarded bV Wager as suggesting the

likelihood of repeated nuclear fusions, but the phenomenon is

not different from that in Synchitrium, where with the growth of

the fungus cell the nucleus grows until from being one of the

minutest of nuclei it becomes much larger than the nuclei of

the host-plant cells which surround the fungus. The signifi-

cance of such
•y
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are regularly correlated with increased size in the cell to which

the nucleus belongs.

Fusion takes place generally when the basidium has reached

from one-half to two-thirds of its mature size, though wide vari-

ations from this rule may be observed. The process can be

observed readily in all stages. The nuclei become flattened

upon each other. The nuclear membranes disappear over the

area of contact and the nuclear cavities become continuous.

The fusion nucleus shows a constriction for some time around

the area of union. This furrow gradually disappears and the

nucleus is evenly oblong oval in outline. Later it becomes more

spherical, regaining the shape which it had before fusion took

place.

Just how the chromatin masses are combined cannot be made

out. They become apparently continuous in the region of con-

tact as soon as the membranes have disappeared. Later no line

of demarcation between the two can be made out. Still I am

inclined to believe that the appearances of homogeneity are not

to be taken as conclusive evidence on this point. There seems

little doubt that the nucleoles fuse. They are conspicuous,

sharply defined objects clearly differentiated as clear red spheres

in the blue chromatin throughout the whole process of fusion.

Each of the nuclei before fusion appears with astonishing regu-

larity as possessed of one nucleolus {figs, 2-4), and just as regu-

larly the spherical fusion nucleus shows a single and frequently

much larger nucleolus. During the earlier stages of fusion the

two nucleoli are still present (figs. 5, 6). They are frequently

found later close together and pressed upon each other, though

such figures as these are not to be considered as having great

weight in view of the irregularity in shape which nucleoli fre-

quently show. The fusion nucleus increases still further with

the further growth of the basidium. It lies generally in the

mature basidium at about two-thirds the distance from the base

to the apex.

The stages in the division of the nucleus have been very

fully described by Wager. They are abundant and easily found
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in Hypochnus. In general, the karyokinetic figures agree with
those found in the division of the ascus nuclei. A more detailed
account of the stages I shall give later in another connection.
The fusion nucleus regularly migrates to the apex of the basidium
before it divides. The spindle is always transverse to the long
axis of the basidium. In the equatorial plate stage and a little

later the chromosomes are well individualized on the spindle,
and the number seems to be at least from eight to twelve before
the anaphases begin, as shown in fig. 8. Maire gives four as the

number of chromosomes appearing in the division of the nucleus
of the basidium in the long series of forms studied by him. It is

certain that there are many more than four chromosomes in the
nucleus of the basidium of Hypochnus. The second division
immediately follows the first, and the spindles here are also

transverse to the long axis of the ascus.
The four daughter nuclei then retire downward to about the

middle of the basidium, while the basidium stretches up still

farther in length, and the sterigmata bud out around its apex
{fig- 9)-

Maire has described strands of fibers (kinoplasm) connecting
each nucleus with the point of origin of a sterigma. He inter-
prets this as signifying the presence of centrosomes on the walls
ot the basidia at the point at which the sterigmata are to form,
and considers that the fibers are concerned in drawing the
nuclei up into the spores which bud out on the tops of the for-

extending from the nuclei up into the developingsterigmata, but
their ongm I have not been able to determine. The fully formed
spores contain a single nucleus and are oblong, and, as a rule,
slightly flattened on one side.

I have also investigated the nuclear phenomena in a species
of the A(TpnV c r^«~ . * _ r r

Coprinus ephemerus oung
truit body reveal at once the conditions described by Maire.
1 he stipe andp.leus consist of large multinucleate cells with
extremely numerous nuclei. A cross-section of a small group of

fig. 12. The cells in cross-section
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are seen to be almost circular, and of extremely variable

size. The entire cross-section of the stipe shows it to be made

up of large cells, with very much smaller cells intermingled with -

them. The center of the stipe in these species is hollow, and

the hollow space is bounded by a layer of these smaller cells.

A longitudinal section of the stipe shows that the cells shown in

fig. 12 are immensely elongated and quite regularly parallel,

and in turn are combined end to end to form parallel hyphae.

These sections show also that the cells contain very numerous

nuclei, the number varying with their size. In very young carpo-

phores the cells are quite rich in protoplasmic content, the pro-

toplasm being largely aggregated in a central column running

the length of the cell, in which most of the nuclei lie. As the

cells elongate with the growth of the carpophore, they become

proportionally poorer in content, and the nuclei are distributed

more evenly.

The tissue of the pileus is also seen to be made up of large

multinucleate cells. Fig. ij represents a group of cells from the

peripheral region of the pileus, and shows four cells prolonged

into blunt, spine-like processes, which project outward from the

upper surface of the cap. The whole surface of the cap is covered

with similar spines in this species. Between these spine-cells

are the columnar outer cells of the pileus, forming a sort of epi-

dermis, and beneath these again are mingled large and small

cells. All of these different types of cells are multinucleate, but

are not as large and do not contain as numerous nuclei as the

stipe cells. They are also relatively poor in protoplasm, and

contain a single large central vacuole, or numerous smaller ones.

It is doubtless the study of these cells of the vegetative part

of the carpophore that has led to the conclusion of Strasburger,

Wager, and others, that the vegetative bodies of the Basidiomy-

cetes contain typically many nuclei. If we study the cells which

are forming the gills of a carpophore of Coprinus, however, an

entirely different condition of things is found. The gills origi-

nate as plates on the inner surface of the pileus as soon as it is

differentiated around the upper end of the stipe. The separation

#
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of the pileus from the stipe is, indeed, brought about, in part at

least, by the development of these plates. The first formed gills

are attached along their entire margin, for a time at least, to the.

surface of the stipe, and the cavities lined by the hymenial sur-

faces originate as thin, vertical, intercellular spaces, placed radi-

ally about the stipe, as is very well shown by transverse sections

through the upper end of the young carpophore. These earliest

formed gills later split off at their inner edges from the stipe as

the pileus expands and gradually assumes the umbrella shape.

The intercellular spaces, which are the interlamellar spaces,

become wider with the growth of the pileus, and later formed gills

arise in these spaces as further outgrowths from the under sur-

face of the pileus. The study of the nuclei in these later formed
gills is especially easy. The mature gill consists of two hymen-
ial layers, with a vegetative supporting layer between them, the

trama. In the young gill these parts are not sharply distin-

guished. It is formed simply as a ridge made up of hyphal

branches, which grow radially inward and slightly downward. I

am inclined to think that these hyphae branch just as do the

hyphae in the hymenium of Hypochnus, in something like a

cymose fashion, the apical cells being continually pushed to the

side by branches produced from the cell beneath. The growth of

the hyphae progresses radially inward and downward until the

width of the mature gill is reached. The branches which are

pushed out right and left terminate their growth almost immedi-
ately by the formation of basidia. These basidia intermingled
with sterile cells, which are apparently their morphological equiva-

lents, together make up the hymenial layers. In the young gill

the hyphae are packed densely together throughout. As they

grow older the central cells become separated by intercellular

spaces in many cases, and thus form the looser tissue of the trama.

Since the axis of growth of the gill is radially inward and

also downward, sections in an exactly transverse plane through
the young carpophore do not show the method of growth as well

as those which are slightly oblique. Such sections, inclined a

few degrees to the long axis of the carpophore, lie in the axis
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of growth of the hyphae of the gills and give the largest per-

centage of cells cut longitudinally in the young gill. This is

-of course, true for the young gills on one side of the carpophore

only, those on the opposite side, as will be readily understood,

showing the hyphal cells cut more nearly transversely than in

exactly transverse sections of the entire carpophore. Fig. n
shows the section of a very young gill taken from such an

oblique section of a carpophore. The cells are nearly all cut

longitudinally, and the method of their growth and branch-

ing is fairly well indicated. Still even here certain hyphae are

seen to have turned up or down and out of the plane of the sec-

tion, so that the axial hyphae of the base of the gill and the

end cells are not connected to form a continuous hypha in the

section.

The conspicuous fact here is that all the cells of the gill are

binucleated. Following backward through the base of the gill,

we should pass suddenly into tissue of the pileus exactly similar

to that shown in the inner portion of fig. 13. It is not easy to

trace a single hypha from the one tissue to the other; still there

seems no doubt that the binucleated cells are the end ramifica-

tions of hyphae which farther back in the pileus and stipe are

composed of multinucleated cells. In other words, as Maire's

work shows, the ends of the hyphae which are to reproduce the

organism by means of basidia and basidiospores have maintained

the binucleated condition, while the mass of the hyphal cells,

having only the functions of support and transportation of

water, etc., to the reproductive cells to provide for, have become

enlarged and multinucleated as a result of nuclear divisions unac-

companied by cell division. The reproductive series of cells,

the Keimbalm of various authors, is thus sharply distinguished

from the purely vegetative and somatic series by the number of

nuclei which they contain ^respectively. In very early stages in

the development of the carpophore the differentiation of the

two types of cells is present and continues through its whole

development. Whether the multinucleated cells increase in

number by cell division, as do the binucleated, is not easy to
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determine. It seems highly probable, however, that, like the

internodal cells of Chara and Tradescantia, they may have lost

the capacity to divide, the increase in number being entirely

provided for by the division of the binucleate cells. The devel-

opment of the carpophore, as pointed out by De Bary (4, p.

49) and others, is no doubt to be interpreted as consisting in the

growth of hyphae, and it seems highly probable that the

hymenium represents the end cells of the hyphal branches

which are to be traced back through the pileus into the stipe,

and so connected with the mycelial branch or branches from

which the carpophore sprung. The growth would then be

largely apical for these hyphae, the older cells lying in the

pileus and stipe, and the youngest, latest formed, in the hymen-

ium. That all the hyphae of the stipe have end cells in the

hymenium is, of course, not necessarily assumed, though it is not

improbable, in view of the wide expanse of the latter, that this

is the case.

What the condition of the mycelial cells is in the species of

Coprinus studied I have not been able to determine. Maire

says that the mycelium of Coprinus radiatus is made up of uni-

nucleated cells. The base of the stipe of C. ephemerus is sur-

rounded by a mass of hyphae with multinucleated cells ;
whether

these, however, represent the condition of the primitive mycel-

ium from which the carpophore sprung I am by no means sure.

It may well be that in the work of collecting and transporting

material for the young carpophore the mycelial cells may have

become enlarged and secondarily modified as to the number of

their nuclei. There seems little doubt, however, that the condi-

rep

M

H
iy

mycelial cells is to be connected with that in Hypochnus is not

plain. It is quite possible, of course, that the uninucleated con-

dition represented in the basidiospore may be perpetuated for

longer or shorter periods of development in different cases.
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The subhymenial cells of C. ephemeras show very conspicuous

disc- or saucer-shaped bodies arranged in pairs on opposite

sides of their walls. These bodies stain deeply and are very

numerous, lying on all sides of the hyphal cells wherever the

walls of adjacent cells are in contact. Fig. 14. shows two pairs

of such bodies and their relative position with reference to the

cell walls. Strasburger (15, p. 335) has described similar struc-

tures. They doubtless mark points where the walls are perfo-

rated in some fashion, thus establishing connection between

adjacent cells. I have described such bodies for Pyronema (5),

and also spherical granules which may have a similar signifi-

cance.

Brefeld (1) has described the carpophore of C. stercorarius

as arising from a single hypha of the vegetative mycelium. This

hypha produces a richly developed system of branches which

arrange themselves ultimately into the parts of the young carpo-

phore. Vegetative growth of the mycelium and formation of the

carpophore are thus seen in this case to be rather sharply separ-

ated, and it might well be that at this point the transition from

uninucleated to binucleated cells is effected. However, no such

differentiation of mycelial growth and carpophore formation

exists in Hypochnus, whose mycelium is binucleated throughout

in its mature condition. Maire says nothing as to the stage

when the binucleated cells first appear in Coprinus. If his state-

ment is true, that the mycelium of the latter plant is made up of

uninucleated cells, it differs, as noted, from Hypochnus in this

respect. Whether Hypochnus or Coprinus would represent the]

more primitive condition in this particular is not easily to be

determined with certainty. Most mycologists, however, have

agreed so far in regarding the Tomentelleae as primitive Basidio-

mycetes, and the Agarics as among the most specialized forms
;

and, in the absence of positive evidence to the contrary, this seems

the most natural assumption. Still, it is quite possible that the

Hypochnus type may be degenerate in certain particulars and

may have lost a mycelium of uninucleated cells, such as Maire

reports for Coprinus radiatus. Just where in this case the
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binucleated condition would arise is not clear. There is little

doubt, however, that the development of multinucleated cells in

the group is correlated with the origin of large and complex

carpophores, and that in lacking such cells Hypochnus rep-

resents a more primitive type.

Basing his conclusion on the resemblance of certain conidio-

phores of the Ascomycetes to the so-called protobasidia, Massee

(n) seeks to connect the Basidiomycetes with the Ascomycetes.

He believes that it is in asexual stages of the latter that the

ancestors of the Basidiomycetes are to be found, accepting

Brefeld's conclusion that the basidium is a conidiophore which

has become determinate in the number of spores which it pro-

duces. Massee points out that the conidiophores of these asex-

ual forms of the Ascomycetes conform very closely to the type of

the Auricularia basidium. From the fact that about thirty species

of the genus Stilbum and several species of the genus Tuber-

cularia are known to be the asexual reproductive forms of species

of the ascus-bearing genera Nectria and Sphaerostilbe, while

other species of the former genera have never been found con-

nected with ascus-bearing forms, Massee argues that these latter

asexual forms are probably becoming independent and have lost

the ascus-bearing stage permanently. The conidiophores of the

Stilbum form of Sphaerostilbe microspora Cooke and Massee are

already typical protobasidia. The same is true of Tubercularia

volutella, whose so-called conidiophores are likewise protobasidia.
The examination of a large number of forms of Stilbum and
Tubercularia shows that a series of gradations from forms with

typical protobasidia, i. e., two or three short swollen fertile cells,

to forms with ng
narrow fertile cells forming the end of the conidiophore, can
be made out. As
which are still associated with an ascus-bearing stage. Sphaero-
stilbe microspora, however, is an exception to this rule. Isaria,

many of whose forms are connected with Cordyceps, while

others are, the author believes, independent species, shows also

typical protobasidia in /. pulcherrima Berk and Broome ; while
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other species show the transition from protobasidium to conid-

iophore. Massee believes that Moller's protobasidiomycete

Pilacrella delectans stands close to the Isaria forms. Massee

concludes that the "protobasidiomycetes as a group are derived

from the conidial phase in the life-cycle of ascigerous fungi

;

the evolution is effected by the disappearance of the ascigerous

form of reproduction, whereby the conidial phase assumes the

standard of a species ; this change being contemporaneous with

the gradual conversion of the so-called conidiophore to the typ-

ical basidium or spore-bearing organ. " He docs not accept

Juel's proposition to transfer such forms as Stilbum vulgare Tode

into the Protobasidiomycetes, holding that the transition stages

are so characteristic that no hard and fast line can be drawn

between the forms with protobasidia and those with conidio-

phores.

Massee follows Moller in denying that the true basidium

with apical spores has been derived from the septate basidium.
»

He believes that these non-septate basidia have been developed

from conidia of the type seen in Matruchotia, Botrytis, Poly-

actis, and others, through the non-septate basidium with lateral

spores of the type seen in Tulostoma. Brefeld's Auto- and Pro-

tobasidiomycetes are both derived from the Ascomycetes, but

as separate and distinct offshoots. Whether each of the two

groups is to be further regarded as polyphyletic and consisting

of separate series derived respectively from the forms Stilbum,

Isaria, etc., the author does not state.

In the light of the facts described by M /

M
to be extremely uncertain. The typical binucleated condition of

mycelial cells is as yet unknown in the Ascomycetes, and until

a transition from the coenocytic to the binucleated condition has

been discovered in the forms discussed by Massee, his argument

can be regarded as of little value. The widespread occurrence

of regularly binucleate cells in the Basidiomycetes, with the

additional evidence that these cells reproduce by conjugate

division and constitute the reproductive series (Keimbahn) in
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each individual through at least a considerable part of its life-

history, leading up to the formation of basidia, while no such

binucleated cells are found in the Ascomycetes either in vegeta-

tive or ascogenous hyphae, shows that the two groups are widely

1 separated phylogenetically. In the face of such differences,

resemblance of outer form and method of spore-formation

between conidiophores and basidia must be regarded as super-

ficial and of uncertain value, and as wholly inadequate evidence

for the conclusion Massee wishes to draw. On the other hand,

it is quite clear that the binucleated condition in the hyphae of

both groups still further strengthens the evidence for the rela-

tionship between the rusts and Basidiomycetes. The nuclear

fusions occurring in the teleutospore and basidium are seen also

to be directly comparable processes, and there is a strong pre-

sumption that in the Basidiomycetes, as in the Uredineae, this

fusion is not between sister nuclei, but nuclei which by the

process of conjugate division have remained distinct through

long periods of vegetative growth. Maire affirms unequivocally

the existence of conjugate division in all the forms he has

studied.

It must not be assumed without further evidence that the

rusts are primitive Basidiomycetes. Their parasitic habit is

against this view, and the evidence from the resemblance of a

sorus of Coleosporium to a true hymenium cannot be considered

as very conclusive. Still, the binucleate condition of the hyphal

cells suggests very strongly that rusts and Basidiomycetes must

have arisen from some ancestral type characterized, at least in

some stage of its development, by the possession of binucleate

instead of uninucleated or multinucleated vegetative cells. How
\

ally

view of Raciborski that the binucleated cells of the rust repre-

sent a prolonged vegetative stage interposed between two phases

of a sexual act, namely the cell fusion and the nuclear fusion, is

suggestive as a hypothesis, but it is nothing more.
The question as to the nature of the spermogonia and their

relation to the aecidia of the rusts remains still unsettled, and
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De Bary's view as to the relationship of the rusts and Ascomy-

cetes must be given up.

Further, it is plain, in view of the above facts, that the

processes of nuclear fusion in asci and basidia are, so far as the

present evidence goes, entirely unrelated morphologically, and

that ascus and basidium are not to be brought into any common

category as oogonia, as is attempted by Dangeard. Neither

the cells of the ascogenous hyphae nor the vegetative mycelial

cells of the Ascomycetes are binucleated in any case so far inves-

tigated, and there is no suggestion of any close morphological
\

resemblance between ascus and basidium. The significance of

the fusion is not entirely clear in either case, but no light is

thrown on this point by endeavoring to bring together such

heterogeneous structures.

It is highly probable that the nuclei of the basidium, as of

the teleutospore, are of widely separated ancestry. It is clear

in the case of Pyronema, at least, that the nuclei which fuse in

the ascus are not sister nuclei. Further than this the resem-

blance in this respect does not extend. The origin of the asco-

carp in a sexual process is analogous to nothing which has so

far been discovered in the Basidiomycetes. It may well be that

both the origin and the physiological significance of the fusions

in ascus and basidium are entirely distinct.

Madison, Wisconsin.
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EXPLANATION OF PLATE I.

All figures were drawn with the aid of the camera lucida,y?^. i-4> 7> and

9 with the Zeiss apoch. objective ap. 140, oc. 8, and j, 6, 8, and 14 with

oc. 18.

Hypochnus subtHis.

Fig. 1. Hyphal cell showing two nuclei and the characteristic clamp con-

nections.

Fig. 2. Young basidium and stalk cell, each with two nuclei.

Fig. 3. Basidium with two younger basidia budding out beneath it.

Fig. 4. Young basidium with two nuclei ; stalk cell with young basidium

budding out and containing a single nucleus.
Fig. 5. Young basidium with its two nuclei fusing.

Fig. 6. Later stage in the fusion of the nuclei of the basidium.
Fig. 7. A pair of basidia in one of which nuclear fusion has taken place,

while in the other it has not yet begun.
Fig. 8. First division of the nucleus of the basidium.
Fig. 9. Two basidia, one with four spore nuclei and sterigmata, and one

with two nuclei before fusion.



BOTANICAL GAZETTE, XXXIII PLATE I

2
3

A

8

11

14

4 5

13

7

12

HARPER on BINUCLEATE CeLLS .



1902] BINUCLEATE CELLS IN HYMENOMYCETES 25

Fig. 10. Semi-diagrammatic section of the aerial portion : the upper

layer is a young hymenium with basidia in various stages of development

;

to the right is a basidium with nearly ripe spores, each with a single nucleus

;

next to this basidium on the left is a young, only partly grown cystid, with

very densely stained content ; below the hymenium is a layer of vegetative

tissue which has replaced a former hymenium ; this is borne on three hyphal

branches springing from the substratum below. X 800.

Coprinus ephemerus.

Fig. 11. Section of young gill made up of binucleate cells. X 800.

Fig. 12. Transverse section of a group of cells from near the upper end

of the stipe of a very young fruit body. X 1000.

Fig. 13. Section of a bit of the peripheral tissue of the pileus, showing

the columnar outer layer and four of the elongated papilla-cells.

Fig. 14. Parts of the walls of three sub-hymenial cells showing the pairs

of bodies marking the position of intercellular pores.

*



ON THE TOXIC PROPERTIES OF SOME COPPER
COMPOUNDS WITH SPECIAL REFERENCE TO BOR-
DEAUX MIXTURE.

Judson F. Clark.

(with seven figures)

Within recent years copper has come to be the most valued

agent in combating the ravages of plant diseases. Its impor-

tance from an economic standpoint has attracted to its study an

unusually large number of investigators, and as a result there is

a very extensive literature on the toxicology of copper com-

pounds. The object of the present study was to determine

more exactly the concentration of the various copper compounds

required to inhibit germination or to kill the spores of a fairly

large and quite representative selection of fungi grown under

favorable conditions ; to determine the effect of various media

on the toxicology of copper; and to throw light on the toxi-

cology of the Bordeaux mixture. I shall not attempt to review

the literature of the subject, except to refer very briefly from

time to time to a few studies which are of special interest in

connection with points in the present study. Those especially

interested will find work before 1896 quite carefully reviewed by

Fairchild, 1 Swingle, 2 and Evans.3 References and reviews of

work since that time may be found in the various reviews.

5 J

tion.

ially useful in this connec-

1 Fairchild, D. G.: Bordeaux mixture as a fungicide. Bull. no. 6. Div. Veg.

Path. U. S. Dept. Agric. 1894.

3 Swingle, Walter T. : Bordeaux mixture, its chemistry, physical properties,

and toxic effects on fungi and algae. Bull. no. 9. Div. Veg. Phys. and Path. U. S.

Dept. Agric. 1896.

3 Evans, Walter H. : Copper sulphate and germination. Bull. no. 10. Div.

Veg. Phys. and Path. U. S. Dept. Agric. 1896.

'Hollrung, M. : Jahresbericht Uber die Neuerungen und Leistungen auf dem

Gebiete des Pflanzenschutzes. Berlin. 1898 and 1899.

26 [January
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Copper occupies an intermediate position in regard to toxic

value for the mold fungi. 5 It is surpassed more than a hundred-

fold by mercuric chlorid, silver nitrate, and potassium chromate

and bichromate. It is a little less toxic than nickel and a little

more so than cobalt ; distinctly more toxic than iron and the

mineral acids ; twelve times as toxic as zinc ; and about eighty

times as toxic as ethyl alcohol. Its great superiority as a fungi-

cide lies in its cheapness, the tenacity with which its hydroxid,

when properly prepared, adheres to the foliage of plants, and,

as I shall show later, the solubility of its hydroxid in the pres-

ence of or by means of substances found alike in the cell sap of

the host plant and of the parasite, but more especially the latter.

For a detailed description of the method of using the Van

Tieghem cell for work of this kind the reader is referred to my

article in a former issue of this journal.6
I may add that the

method has proved eminently satisfactory for various physio-

logical and toxicological studies with pure cultures of fungi,

yeasts, and bacteria.

Precautions for sterilizing were observed throughout the

study, except with a few cultures of hymenomycetes. The

spores used, of such fungi as can be normally matured in arti-

ficial culture, were taken from pure cultures frequently renewed

to insure high vitality. Rhizoctonia and currant cane blight

cultures were inoculated with mycelium taken from fresh pure

cultures. With Hypholoma and Coprinus,? spores taken

plants growing under natural conditions were used. Naturally,

every precaution was taken to avoid contamination, and on the

from

ffi

P

5 Clark, J. F.

:

germination

development of certain filamentous fungi. Bot. Gaz. 28 : 289-327, 378-404- »900.

6 Clark, J. F. : Bot. Gaz. 28 : 293. 1900.

» I beg to acknowledge my indebtedness to Dr. Margaret C. Ferguson, of Cornell

University, who supplied me with the spores of Hypholoma and Coprinus, and to

whose studies in the germination of the hymenomycetes I am indebted for the

knowledge that they would be satisfactory for germination purposes in the media

used.
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have as nearly uniform a quantity of spores in the various cul-

tures compared as possible. It is equally important to avoid

bunches of spores in making the inoculation. Oversight in

regard to either of these points is bound to result in more or

less erratic and unreliable results. This is due to the fact that

a toxic agent like copper, which effects the death of the spores by

uniting with and precipitating the protoplasm, is itself also pre-

cipitated in the process and can no longer exert a deleterious

influence. This precipitation process is naturally a strictly quan-

titative matter, and the amount of copper sufficient to sterilize a

culture containing fifty spores may prove entirely inadequate

were the number of spores quadrupled or even doubled. When

bunches of spores are present the effect is still more mischievous.

These bunches are relatively slowly penetrated by the copper-

containing solution. Should the bunch contain air, as is usually

the case, the process of penetration of the copper to the inner-

most spores is still further retarded. In the meantime such

spores as are floating singly are quickly killed, precipitating

their share of the copper, and it may be that long before the

solution has fully penetrated the bunch it may have lost the

greater part of its soluble copper and may be no longer able to

kill the remaining spores. These may then germinate and grow

almost as well as if no poison had been present. The difficulty

was entirely overcome by soaking the spores for a longer or a

shorter time in sterile distilled water with an occasional shaking.

In some cases this soaking may be continued with advantage for

days, in which case it is well to keep them at a low temperature

to prevent germination. In all cases it was advisable to inocu-

late from a mixture of spores in water, a uniform inoculation

being approximated in that way without great difficulty. It lS

equally important to have the culture drop, of as uniform a size

as possible. Absolute precision in these matters, however, is

impossible, and the reader is reminded that slight variations in

all cultures are to be expected. Indeed, as has been often sug-

gested, spores taken from the same sporangium and placed in

the same culture under absolutely similar conditions vary very
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markedly in their capacity to resist poisons and other unfavor-

able conditions.

point

>/ point

ing these results. The former can be determined with ease and

absolute certainty by direct observation under the microscope,

the latter only by transferring the spores to a fresh culture free

as possible from the deleterious agent, and determining their

success or failure to germinate under these conditions. The

unavoidable source of error here is the transference of more or

less of the copper compound with the spores. This quantity is

doubtless often sufficient to prevent the germination of spores

which although greatly reduced in vitality may be still alive.

The general result of such transfers made at varying intervals

from twenty-four hours to ten days indicated that if the germi-

nation of the spores be i?ihibited by a concentration of a copper

salt, it was merely a question of time when they would be

killed. Thus if a certain concentration inhibited the germina-

tion of a certain spore, possibly a solution of four times this

concentration would fail to sterilize the culture in twenty-four

hours, yet if left for some days the points of inhibition and

death would finally coincide. The length of time necessary to

bring this about would naturally vary with the varying specific

characteristics of the spores of the different species.

The medium used for the cultures, the results of which

are given in fig. /, was a decoction of sugar beet. The root,

sliced thin, in the proportion of 450^ per liter, was heated in an

autoclave for an hour at 120 C, under a pressure of one atmos-

phere. The decoction was then filtered and poured into flasks

and thoroughly sterilized. This medium was selected for the

comparative tests as giving the best results with the greatest

number of the fungi used. The other vegetable decoctions

were prepared in essentially the same manner.

Stock solutions of the various copper compounds were pre-

pared by a responsible chemist. A normal solution of a copper

compound means in this paper the number of grams of the salt
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corresponding to the full molecular weight {e.g., CuSO 4
.5H

2
=

2 \g) dissolved in sufficient water to make one liter of solution;

thus o.oi n CuS0
4
equals a 0.249 per cent, concentration of the

crystallized salt.

In the figures used to illustrate this paper the solid black

bar indicates that the concentrations used were sufficiently

strong to kill the spores within twenty-four hours. The square

blocks alternating with the open spaces indicates that while

the germination of the spores was inhibited, they still retained

vitality enough to germinate several per cent, after twenty-four

hours immersion. Four parallel lines indicate some germination

but very poor development. Three parallel lines indicate fair

but distinctly abnormal development, and two lines approxi-

mately normal germination and growth.

Fig. 1 shows in a condensed form the results of some four

hundred cultures with fifteen fungi in a decoction of sugar beet

to which had been added copper sulfate. A glance at the

page will show that many of the fungi present a really remark-

able similarity in resistance to copper. Twelve of the fifteen

forms represent a range in lethal concentration of from 0.0099 «

to 0.0168 n, or slightly less than 70 per cent, variation. This

range of susceptibility may be modified by several important

considerations, prominent among which is temperature. AH,

except Gloeosporium, were grown at 28° C, a little more or less.

It is established that a fungus presents its greatest resistance to

a deleterious agent, other things being equal, when cultivated at

or near its optimum temperature for germination and mycelial

development. 8 At a higher or lower temperature a smaller

quantity of the agent results fatally. All the forms used,

except Gloeosporium malicorticus, grew well at 28° C, but it is

quite certain that some of them grow better at other tempera-

tures. Inasmuch as the optimum temperatures for the differ-

ent forms were unknown it was thought best to use a uniform

8 Clark, J. F.: On the toxic value of mercuric chlorid and its double salts.

Jour. Phys. Chem. 5:289-316. 1901; also Flende : Ueber Creolin und seine Wirk-

samen Bestandteile. Arch. f. Hyg. 9: . 1889.
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temperature, except with Gloeosporium, which refuses to germi-

nate at so high a temperature. It is also doubtless true that

other optimal considerations have a similar effect in increas-

ing the resistance of plants to unfavorable conditions. It

should also be noted in studying these results that several

of the forms were tested in media prepared at different times,

and as sugar beets vary in composition the media would vary

somewhat in nutritive properties, and therefore in toxicological

properties also, when used as a solvent for a poison. Making

due allowance for these considerations, however, it is perhaps

remarkable that of a selection of fungi representing fairly well

the natural groups and including typical saprophytic and parasitic

forms, the great majority of them should be found to be killed

under similar conditions by concentrations of copper of between

0.0099 n and 0.0168 n, and that the three forms which were found

to be markedly more sensitive (Rhizopus, Coprinus, and Chaeto-

mium) should be of such diverse relationships. The two species

of yeasts proved to be equally resistant, although markedly dif-

ferent morphologically. The exact similarity of resistance was

in this case very easily and prettily shown by growing both forms

in the same culture drop. Such a test is applicable only where

the forms are of similar properties as regards resistance to the

agent, time of germination, and rapidity of growth. Two cul-

tures of Penicillium glaucum, obtained from different sources and

presenting slightly different habits of growth, also proved to be

equally resistant.

The great variation between the two hymenomycetes is

partly to be accounted for by the fact that the medium was very

favorable for the development of Hypholoma, and only moder-

ately suited for Coprinus. The similarity of resistance of the

four parasitic forms (at bottom of figure) is quite striking. Il

will also be noted that they occupy an intermediate position

The most resistant forms will be seen to be the molds Asper

lus, Sterigmatocystis, Botrytis, and Penicillium.

Dr. Duggar has for some time been studying the broa

field of food relation to toxicology in general. It has been

(Til
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ascertained that fungi vary greatly in their resistance to deleteri-

ous agents, according to variations in the medium in which they

are cultivated when submitted to the influence of the agent. His

results have not yet been published, but the importance of this

matter in any toxicological studies necessitates considerable

reference to the subject in this study of the toxicology of

copper.

The differences in resistance due to variations in the culture

media may be due to two distinct causes: (i) All media

influence the toxicology of electrolytes, and possibly other

agents, by causing certain physical and chemical changes in the

condition of the dissolved agent; (2) other things being equal,

the more favorable the medium for germination and early

mycelial development of a fungus, the more resistant that

fungus will be to deleterious agents.

The simplest case of changed physical or chemical condi-

tions would be the diluting of the solution of the copper salt

with pure water. Here, with each decrease in concentration, we

get less and less of the whole molecule, e. g., CuS0 4 , and more

and more of its component ions,+Cu+ and ""SO7, and the amount

of change may be readily determined for any particular dilution.

When the dilution is g an infusion or

decoction of a vegetable or animal substance, however, a series

of unknown reactions occurs, and even the amount of copper in

the ionic form cannot be known. That these transformations

have a very great influence on the toxic properties of the mix-

ture is abundantly shown by the results represented graphically

wfig. 2. A number of media tested caused precipitation of the

copper, thereby rendering it harmless.9 All such media were

discarded and are not represented in the figure.

When spores are placed in a medium which does not admit

growth {e. g., pure water) it is merely a question of time when

ese spores will be killed, if there be present a sufficient quan-

tity of copper to precipitate the living proteids. It takes some

9 Copeland and Kahlenberg : The influence of the presence of pure metals

upon plants. Trans. Wis. Acad. 12 : 454~474- I9<>0-

th
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time, however, perhaps weeks, for all this copper to find its way

into the spores. Should the medium be such as admitted

growth, the production of protoplasm might easily offset its pre-

cipitation by the copper, and long before the copper could have

its maximum effect the protoplasm would have increased mani-

fold, and would require a corresponding increase in the con-

centration of copper to cause death. Thus it is that with

every favoring influence the fungus can make a better fight for

life.

The results given in fig. <?, with various media, and with

copper in the form of the sulfate, are those with CEdocephalum

albidtim. The work repeated with Rhizopus nigricans gave essen-

tially the same results. A single glance at the figure shows how

much more toxic the copper proved to be when dissolved in pure

water than when in any other medium, 0.0002 n being fatal in

twenty-four hours. This is but one-fortieth of the concentration

of copper required to give the same result in a decoction of

sugar beet. When 1.5 per cent, asparagin was added to this

beet infusion the toxic value of copper dissolved in pure water

was to its value in the asparagin-beet medium as 142 : I, and the

comparison in the case of the medium compounded from aspara-

gin and inorganic salts the ratio is 285: I. In this last case

there was a slight precipitate noticed under the microscope, and

it may be that some of the copper was precipitated by the phos-

phoric acid present. Exactly what proportion of this striking

difference is to be assigned to the nutritive condition and what to

chemical and physical transformations it is impossible to say.

Inasmuch as the asparagin medium, while a good food for CEdo-

cephalum, is not so good as beet decoction, we must concede that

the remarkable decrease in toxic properties in the cases where

asparagin is present is chiefly due to the physical and chemical

changes. That these changes have a preponderating influence

in the case of the beet decoction is also very probable. The

experiment of diluting and concentrating the beet decoction

seems to support this view. The values of the triple, the ordi-

nary, the half, and the quarter strengths are not greatly different
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so far as stimulation of germination and early mycelial develop-

ment is concerned. The same is true of the beet decoction to

which the asparagin was added. Yet we have the following

variation in the lethal concentrations

:

Medium

Beet decoction, normal strength
" " diluted to two volumes
" " " " four "
" ** evaporated to l

/$ volume
" "

-f- I • 5 Per cent, asparagin

Lethal
concentration

O.OO76 n
o.oo54«
0.0034 n
0.0163 n
0.0284 n

Relative amount of Cu

9 required to inhibit as

compared with a pure

water solution

38 times

27

17

82

142

f<

Were it wholly a matter of food relation we should expect

the figures in the third column to be near 38 in each case.

Were it wholly a matter of the chemical or physical transforma-

tion of the copper by the compounds present in the beet decoc-

tions, we should expect a more proportionate decrease in the

first three numbers of the third column, corresponding to the

dilution of the medium by the added pure water. As already

remarked, it is not possible to determine with any degree of

precision the part played by any one factor from the data at

hand ; but it is evident that with different media great differ-

ences in the toxic value of the copper may be obtained, and that

asparagin has the power of uniting with salts of copper in such a

way as to reduce their toxic properties in a very extraordinary

manner. It is of interest in this connection to note that mercuric

chlorid is not similarly reduced

ence of asparagin. 10

by

Fig. j presents the results of some studies on the addition of

certain compounds to pure water solutions of some copper salts.

Here the results given are with CEdoceohalum. and, as in Jig- 2 >

>P
In this

diagram the vertical lines representing the variation in the con-

centration of copper present in the different cultures show an

increase of 30 per cent, for each division over the last preceding

10 Jour. Phys. Chem. 5 : 302. 1901.
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division passing to the right. It will be observed that the five

copper salts, the nitrate, formate, acetate, chlorid, and sulfate,

dissolved in pure water have approximately the same toxic value,

the variation (0.00004 n) being within the limits of experimental

error. These five salts are fatal to CEdocephalum in 0.00020-

0.00024 n concentration in twenty-four hours. This is about a

0.005 per cent, solution of the crystallized salt, CuS0 4 .5H 2
0, or

one part crystallized salt to 20,000 parts water.

The addition of glycerin, glucose, or cane sugar failed to

cause any pronounced decrease in toxic properties. The addition

of salts like K
2
S0

4 , KC1, etc., however, caused a very great

reduction. One part CuS0
4
to 20,000 parts pure water is fatal

>cephalum in twenty-four hours. It requires sixty-one

parts CuS0
4

to 20,000 parts of a 5 per cent. K
2
S0 4

solution .

to have the same effect. That the lessening of the toxic value

here was not due to a lessening of the rapidity of the pene-

tration of the copper salt is shown by the last three lines of

fig- 3, where the cultures after standing ten days showed a toxic

value of less than one-fortieth that of the CuS0
4

in pure water.

A test made by adding a small quantity of KC1 to solutions of

CuCl
2 gave an increase in the toxic value of the mixture. Further

experimentation on this point is needed, but the indications are

that here we have a similar phenomenon to that observed on the

addition of chlorids to mercuric chlorid solutions," small additions
of a chlorid causing an increase, and larger amounts causing a

decrease in toxic properties ; the former probably through the

formation of highly toxic "HgClj ions, and the latter through
the formation of K

2 HgCl 4 double salt molecules having a low

toxic value. Copper reacts very similarly to mercury in respect
to the formation of double salts with alkali chlorids.

12 These
double salts would naturally be highly dissociated into metallic

cations and the anion "CuCl- and similar anions. That the

ion CuCl
4 should have a high toxic value is very probable,

being in harmony with all at present known regarding toxic

"Clak, j. p.. jour. Phys Chem 5
. 28g_3l6 I90Q

"RSMSEN, Ira
: Inorganic chemistry (advanced course) 589. 1892.
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agents capable of uniting with more chlorine That the for-

cing back of the ionization of these double salts to the molecular
form {e. g., K 2

CuCl
4 ) would result in a lowering of its toxic value

seems more than probable, in view of what we know in the

analogous case of the double salt K
2 HgCl 4

already referred to,

and furnishes a very reasonable hypothesis to account for the

remarkable lowering of the toxic value of solutions of copper
in pure water when a chlorid is added in excess. The decrease
from the adding of sulfates, nitrates, etc. of the alkali bases is

doubtless due to similar conditions.

F*g> 4 gives the results of a test of various soluble and
insoluble copper compounds with three fungi grown in beet decoc-
tion. The letters A, (E, and B refer to Aspergillus, CEdo-
cephalum, and Botrytis respectively. Beet decoction has a very
marked power of dissolving copper even in the metallic state,

hence it was possible to test ''insoluble" copper compounds,
such as Paris green, copper hydroxid (the form in which the

copper is found in Bordeaux mixture), etc. This power of dis-

solving copper is a property of almost all decoctions of vegetable
or animal substances, some possessing it in a much higher
degree than others.

Fig. 4 shows that copper, gram for gram, has much the same
value toxicologically when added to a beet decoction, no matter
what form of copper salt is used. The apparent exceptions to

this are are to be accounted for by the effect of the other atoms
and groups added. Thus the chromate salt which proved to be
by far the most toxic compound of copper tested owes its high
toxic value to the deadly chromium contained. 14 The eau
celeste and the ammoniacal solution of copper carbonate are

particularly fatal to CEdocephalum and Botrytis on account of
ne basic alkalis present. 15 CEdocephalum is apparently very
sensitive to compounds containing arsenic. Perhaps it is espe-
cially sensitive to this element, but so far as I know the point has
not been tested. That the green arsenoid should be more fatal

13 Davenport, C.B.: Experimental morphology 8. 1897.
m Clark, J. F.: Bot. Gaz. 28: 390,396. 1899. '5 Ibid. 2.%: 380-382. 1899.
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than the Paris green was to be expected, inasmuch as it showed
on analysis 8.3 per cent, soluble As

2 3
as compared with 1.8

per cent, soluble in the sample of Paris green. That the

ammoniacal solution of CuCO
s

is a more effective fungicide than
Bordeaux mixture for the amount of copper used does not follow

from the showing made in this figure. These tests were made
in closed cells where the excess of ammonia was indefinitely

retained, whereas under orchard conditions this evaporates in a

few hours at most, and exerts practically no fungicidal value.

It would be beyond the province of the present paper to give
a detailed account of my experiments on the toxicology of the

Bordeaux mixture. These are of greater interest to horticultur-

ists than to botanists. I shall mention briefly, however, the
more important experiments and state the conclusions arrived at

from this study.

Just how the insoluble copper hydroxid of the Bordeaux
mixture sprayed on leaves has protected them so thoroughly
from the ravages of parasites has long been a mystery to the

chemist and physiologist alike. Various hypotheses have been
propounded from time to time, but up to the present no satis-

factory explanation has been given. A very careful review
of the current hypothesis may be found in Swingle's paper.*6

His own suggestion that it might be possible that the fungi

themselves, by secretions or excretions, might be able to aid in

the solution of the copper has proved a happy one. As already
mentioned, most animal and vegetable decoctions have a greater
or less power of dissolving insoluble copper compounds.

This power is particularly noticeable in the fungi. An infu-

sion of Agaricus campestris, and infusions and decoctions of

various parasitic fungi, dissolve kly
and in sufficient quantity to inhibit the germination of any fun-

gus tested. Spores of various fungi placed in a mixture of

^u(OH)
2 and water were killed in a short time, while other

spores of the same species, placed in similar mixtures of Fe(OH) 2

I6 Swingle, W. T.: Bordeaux mixture. Bull. no. 9. Div. Veg. Phys. and Path.
U ^-Dept. Agric. 1896.
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and A1(0H)
3
retained their vitality unimpaired for weeks. The

death of these spores was not due to the presence of any soluble

copper, for no copper could be detected in the filtrate by the

most delicate chemical tests before the spores were added.

Traces of copper were found some time after the addition of the

spores (if added in considerable quantity) showing that they

dissolve more of the Cu(OH)
2
than was required to kill them.

The rapidity with which fungus spores are thus killed naturally

varies with the character of the contents and coverings of the

spores. It is very quickly accomplished in thin-walled spores,

such as Rhizopus and GEdocephalum, but is very slowly accom-

plished in forms like Aspergillus and Penicillium, whose coats pre-

sent great resistance to the entrance of poisons and the excretion

of copper-dissolving compounds. As an example of such resist-

ance to entrance, see experiments with Aspergillus in solutions

of nickel sulfate, 1
? in which 0.03 n inhibited germination, but

immersion in a normal solution (containing over 13 percent.

NiSOJ for 48 hours at 28 C. failed to kill the spores. The

same form resists immersion in double normal ZnS0 4 (27 per

cent, anhydrous ZnS0
4 ) under similar conditions.

The host plant, too, is active in dissolving the Cu(OH) r A
peach tree was sprayed with Bordeaux mixture which contained

an excess of lime, as is ordinarily the case. Following this, the

tree was sprayed several times during the day with enough
pure water to have an effect resembling dew. The following da;

water collected from the leaves, filtered and evaporated to small

volume, showed just a slight copper reaction. Several small

leafy branches were then removed and placed in a large beaker of

distilled water, without injury to any of the parts. After soaking
for some hours these were removed and the solution filtered,

evaporated to small volume, and tested for copper. A mar
reaction was secured, indicating the presence of considerable
copper in solution. The epidermis of leaves, although protected
by a cuticle, is well known to be more or less permeable to the

dissolved substances occurring in the cell sap, particularly along

"Clark J. F, Bot. Gaz. a8 : 392 , l8

ked
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the union of the epidermal cells. 18 When the dew is on the leaf

we have two solutions— the dew drop without and the cell sap

within— separated by a more or less permeable membrane.

The result of these conditions must result in the exosmosis of at

least some of the contents of the cell sap, which coming in con-

tact with the copper hydroxid adhering to the leaf surface causes

more or less of it to pass into solution. An important point in

this connection is that the solution of the copper, whether

effected by the host or the fungus spore itself, is possible in the

presence of an excess of lime. This excess is apparently some-

what detrimental to the solvent action on the copper, and in this

way doubtless serves a very valuable purpose in preventing a too

rapid solution. It also protects the Cu(OH)
2
from the solvent

action of the ammonia, nitrites, and nitrates of the atmosphere.

According to Millardet and Gayon's 1* experiments, the amount
of lime ordinarily used in Bordeaux mixture is sufficient to pro-

tect the copper absolutely from solution for eighteen days under

ordinary atmospheric conditions. This ought to have been suf-

ficient to have set aside the hypothesis which accounted for the

solution of the copper of the Bordeaux mixture by atmospheric

conditions, for all experiments go to show that the Bordeaux
mixture is effective from the day it is applied. So much in

brief review of some of the experiments that have led me to the

following conclusions regarding the toxicology of this invaluable

fungicide:

i. The solution of that part of the Cu(OH) 2
of Bordeaux

mixture which under orchard conditions is of fungicidal value, is

chiefy accomplished by the solvent action of the fungus spores tliem-

selves, for they have power to dissolve sufficient copper to kill

themselves.

2. The amount of copper necessary for the destruction of

e spores of parasitic fungi is probably not more than one part

of soluble metallic copper to 80,000 parts water (dew).

Busgen: Ueber einige Eigenschaften der Keimlinge parasitischer Pilze. Bot.
Ze*t. 57:67. 1893.

19 Millardet et Gayon: Les divers procdd£ de traitements du mildiou par
es composes cuivreux. Jour, des Agr. Prat. 1 : 701-702. 1887.

th
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3. The host plant has a greater or less power of dissolving

the Cu(OH)
2 deposited on its leaves.

m
from

prese here

solution has taken place. To this factor, however, must be

attributed the injury freq

Japanese plums, peach, etc.)

plants

The amount of injury done to a given species will depend on

the following considerations, provided always that carefully pre-

pared Bordeaux mixture has been used :

specific susceptibility

poisoning by copper.

2. The solvent properties of the cell sap on copper hydroxid.

3- The permeability of tlie epidermis or cuticle" to these cell

contents when the conditions are favorable for their exosmosis,
and for the entrance of the copper after its solution is effected.

d. Wf»atVlp.r ft%**Al*.l r 11 . .

ng, particularly

— .~5<^o multure <aew, etc.), providing the condition
tor the exosmosis of some of the contents of the cells of the leaf,

lo these might be added, perhaps, climatic conditions which,
through modifications of structure, of specific resistance, or of

he character of the cell sap, may cause a plant to be more or less

resistant to treatment with Bordeaux mixture, according to the

locahty where it is grown. The very injurious influence of

Bordeaux mixture on blossoms" is to be explained in an entirely
s miliar way. Here the protection of the cells by cutinization is

almost or entirely wanting, and it is very probable that the rich
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contents of pollen grains and the cells of the stigma have an

unusually solvent action on the copper hydroxid.

Swingle's proposition that the copper might be effective in

preventing the attack of parasites through negative chemotactic

action induced me to make a number of experiments on this

point. A number of fungi were used to a greater or less extent,

..
. ,

f

Fig. 5-

but Rhizopus proved the most satisfactory, inasmuch as it

usually germinates with a single germ tube and grows rapidly

with a minimum of branching.

The well-known method of Pfeffer was first employed.

Capillary tubes closed at one end were filled with solutions of

copper of varying strengths. H drop cultures of the

fungi were prepared in weak agars of varying consistence. Into

these hanging drop cultures were introduced the open ends of

the copper-containing capillary tubes. These tubes were intro-

duced at different stages of germination. The uniform result of
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these preparations was that the hyphae near the mouth of the

tube grew into the solution of copper, and continued to grow
directly inwards until they reached a concentration sufficient to kill

them
{fig. 5). This was found to be the case with copper, cobalt,

nickel, zinc, etc., and also when the capillary tube containedpure water.
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Miyoshi's" method of injecting leaves with solutions by
plaang them in the solutions under an air pump and exhausting

wa heT T u
After thG in

Jection of the leaves they were

die lowe" f

faUCSt and Sp°reS ° f Rhiz°Pus were S°Wn °
n

rham K

VGr SU The PreParation was then placed in a moist
chamber m an incubator at ?<*° r -rt , * ^ota
ninrf> , . .

CUUdCOr at 28 C. The germ tubes near stomata
curved towards and o-r^u, At—*»_ • ... .

,

t**

simile . u \,
gFeW dlrect!y ^to them in a manner quite

similarjo what Miyoshi found to be the case when the leaf was
Miyoshi.M.: Ueber Chemotropismus der Pilze> Bot. Zeil. 52 : 1-27. ^94-

*
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injected with food solutions. In many cases upwards of thirty

germ tubes were counted growing into a single stoma. On
injecting similar leaves with pure water, however, I got a similar

result. The leaves used were chiefly from Tradescantia discolor.

The concentrations of copper, cobalt, etc., injected ranged from

o.oi to 0.005 n -

I then tried Miyoshi's method of using perforated mica

plates with layers of media between. Spores were sown in

every conceivable way: in upper, middle, and lower layers; in

nutrient and non-nutrient media ; and in media containing copper.

The uniform result of these tests was that the germ tubes near

the perforations grew towards the opening if it communicated ivith

a layer ofmedia in which no spores had been placed. The presence

or absence of copper was not found to have any influence on the

direction of growth. The hyphae grew towards, and in cases

where the concentration of copper was not too great, grew

through the perforation into the copper-containing medium.
Fig- 6 illustrates such a case. The spores of Rhizopus were

sown in a rich nutrient agar. Upon germination they imme-
diately turned towards a perforation in the mica plate which

communicated with a non-nutrient affar impregnated with 0.005 ft

CuS0
4

.

Finally, I prepared a series of cultures in large Van Tieghem
cells

5
cm

in diameter. The nutrient agar in which the spores

of

were placed occupied the part marked a in fig. 7. The portions

agar marked b b were prepared from nutrient or non-nutrien
agar to which varying concentrations of copper had been added
The portions cc are checks, being duplicates of bb without the
C0pper. The inoculation was made by placing a few spores of

Rhizopus at the center of a. The cultures were then placed in

the incubator at 28 C. until the fungus had made consider-
able growth. The cells were then opened and bb and cc were
Pushed towards a until in slight contact and occupying the posi-

tions b'b' and c'c\ More or less of the Cu in solution in b' and
would then pass into a, and if the fungus was either attracted

0r repelled by the Cu it would be readily determined by watching
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the behavior of the hyphae as they grew down a towards the

extremities dd between the copper-containing portion b' and

the check preparation c' . The hyphae did curve towards b' and

b' , but also towards c' and c' , and the larger the portions V or

<r',the more strongly they curved towards them. This curving

took place even when b and

c contained no nutrient sub-

j£?j

*
[,;• stance, the hyphae growing

"^ '"
' from the nutrient portion a

,
N
— into a nonnutrient medium.

1 !

i-'l . Cultures on this plan were

and

d a \4
• "i

; «

(?) repeated many times

Fig- 7- varied in many ways, e. fr

varying the consistence <

the agar, the nutrients used, the concentration of copper, etc.

My interpretation of these results is that Rhizopus is marked

negatively chemotactic to some secretion of its own mycelium,

and this negative chemotropism is much greater than any posith

chemotropism it may have for food substances or oxygen. This

method then, which seems to be satisfactory, has failed to show

that Rhizopus has positive or negative chemotropism towards

copper or allied metals. These cultures were used to a
'

extent with several other saprophytic and two parasitic fofflft

with the same result in regard to chemotropism towards copper

A large number of photomicrographs and drawings with camera

lucida were made, but those reproduced in figs. 5 and 6 are *

less

instructive as any

Botanical Laboratory,
Cornell University.

k



CLADOCHYTRIUM ALISMATIS.

CONTRIBUTIONS FROM THE CRYPTOGAMIC LABORA-

TORY OF HARVARD UNIVERSITY. XLIX.

G. P. Clinton. *

(with plates ii-iv)

While collecting at Glacialis pond, Cambridge, Mass., in

October 1900, the writer found Cladochytritim Alismatis Biisg. on

Alisma Plantago L. Although the season was so far advanced

for this plant that all of the leaves were dead and in many cases

broken off, still enough infected ones were obtained to show that

the fungus was not uncommon in that locality last year. The

discovery of the fungus is especially interesting since this is the

first time it has been found in America, and also because the

study of it revealed the possession of a peculiar temporary

sporangial stage that it was not known to possess.

This Cladochytrium occurs on the leaf blades, petioles, and

peduncles, forming lead-colored, generally subcircular sori 1-2

in diameter. These are generally distinct from one another, and

on the woody tissues are apt to have more of an elongated shape.

In the leaf blades the so-called spores, or resting sporangir.,

occupy the cells between the two layers of epidermis, producing

a slight pustule which in the green leaves, as shown by exsiccati

specimens, is surrounded by a rather inconspicuous discolored

area. While the sori are long covered by the epidermis, in the

dead leaves this eventually breaks open and the sporangia

become scattered, thus leaving small circular holes in the paren-

chyma and pits in the woody tissues.

Although a temporary mycelium is developed in this genus,

the fungus in this case was so far matured when discovered that

no sign of it could be made out. From one to three or four spo-

rangia were found in the parenchymal cells of the leaf blade

Cfe- 33), while in the more elongated cells of the peduncle there

[1902
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were often six or more arranged uniserially {fig. 34). The spo-

rangia are oval to spherical, with sides sometimes slightly flat-

tened, and vary from 25-45 fi in longest diameter. The cell

wall is reddish-brown and rather thick, the exospore being

smooth and prominent, and the endospore thin and hyaline.

Attached to the exospore are often the remains of the plant cell.

The contents of the sporangium consist of a more or less granu-

lar band of protoplasm adhering to the cell wall and a large cen-

tral oil drop. In sporangia kept indoors for some weeks there

seems to be a space between the oil drop and the protoplasmic

band, though when young this is entirely occupied by the pro-

toplasm in its more fluid condition.

Fischer (7) states that the sporangia of this fungus have

never been germinated. The writer was successful in germinat-

ing the sporangia abundantly in the many trials made. When

first collected a few sporangia would germinate in each trial

after being two or three days in a drop of water ; but gradually

it took longer and fewer germinated, until after they had been

six to eight weeks indoors they ceased to germinate altogether.

It was found, however, that if the infected leaves were placed i

a small wire cage packed in damp moss and kept in a cool place

the sporangia gradually assumed a condition favorable for ger-

mination when they were placed in a drop of water. Sporangia

thus kept, even at the end of several months-, germinated quite

abundantly. Material, however, that had been placed outdoors

at the same time in stoppered bottles and exposed to the coldot

winter, but not to moisture, did not germinate very well.

n:

Mo.

hemof the germinations were made in a drop of water in Van Tieg

cells at the ordinary room temperature.
The germination is similar to that given by Busgen (5)

fof

Cladochytrium Butomi. By osmotic action the sporangium
becomes

swollen until the exospore is broken open. This rupture is reg

ular, a lid being split off in a circumscissile manner from about a

third of the sporangium, which begins to crack at one side iff

34)' The endospore meantime protrudes and eventually cart**

the lid at its top
[fig. j8) f or rarely bends it back as if on a hinge
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The exospore breaks open in so regular a manner that it indicates

some definite line of dehiscence, though no such appearance

was made out on the mature sporangia before germination. In

the meantime there is a change in the contents. So far as couldO
be determined, the large central oil drop is gradually eaten away
from its circumference inward until it disappears, or is really

broken up into a large number of very small drops scattered

through the protoplasm. This latter is now seen to be very

faintly divided into areas, showing the formation of the zoo-

spores, in which the small oil drops frequently appear to be

arranged more or less peripherally {fig. 38). These small oil

drops gradually unite in each area to form the final large oil

drop of each zoospore [fig. jo), and it is these oil drops more
than any separating lines that indicate the number and position

of the mature zoospores. While this has been going on, the

papilla of dehiscence has been forming, though the sporangium
is not always placed so that it can be seen. The papilla is best

made out when examined in optical section at one side of the

sporangium
(fig. jp). It is usually a somewhat protruding area

developed in the wall of the exposed endospore, and begins its

dehiscence by the swelling of the cell wall which gradually

extends inward as a hyaline area, due to the gelatinization of

the wall. In some cases shortly before dehiscence this area

seemed to be somewhat pitted, as is mentioned by Biisgen,

perhaps allowing a greater flow of water into the sporangium,
forming the extended hyaline space in this vicinity. In one

sporangium, carefully watched, there could be seen no further

change at this point, the hyaline space now having greatly

extended inward, until there was a sudden movement of the mass
of zoospores, and one coming out into this space darted toward
the somewhat distended area in the endospore, and, apparently
forcing its way through, escaped, and was followed, one by one
by the others, about a hundred, until all had gone. This place
°t escape usually shows a polygonal opening with a few cracks

extending from the angles (fig. ^ f/
The zoospores are somewhat variable in size and vary from
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ellipsoidal to spherical in shape. In most cases, however, while

active they have the ellipsoidal form. Each one is provided with

a prominent oil globule, usually protruding somewhat at one

side, and a posterior cilium, three or four times its length, situ-

ated at the end nearer the oil globule. A denser mass of proto-

plasm can be seen on the other side of the oil drop {fig. 40).

The zoospores are active from the first, moving with a swift-

gliding motion for a short distance and then coming to rest, but

soon moving on again, so that it is rather difficult to follow one

for any length of time. With a high power the cilium can be

made out readily when the zoospore is at rest. The movement

is always in the direction of the end away from the cilium. The

zoospores sometimes apparently remain active for twenty-four

hours, and . possibly under favorable conditions even longer.

Sooner or later, however, they gradually grow more sluggish in

their movements, eventually becoming rounded and losing their

cilium (fig. 42). At this period they often exhibit slight

amoeboid movements. They finally come completely to rest

and the oil drop gradually disappears. Unless favorably situ-

ated they go to pieces, the process in the last stages being

assisted by bacteria. A peculiar feature observed at this time

was the appearance of a vacuole in which could be seen one or

two irregular somewhat elongated protoplasmic bodies that kep:

up a constant vibration which did not seem to be merely
*

*

Brownian motion {fig. 43).
After it was found that the resting sporangia of this fungus

would germinate, it was thought desirable to see if frrther

information concerning its life history could be made our.

Accordingly some seeds of Alisma Plantago L. were gathere

and germinated. This germination took place very slowly-

requiring a preliminary soaking of the seeds in water for three

or four weeks. The young seedlings first send out a filifo^

cotyledon, and the succeeding leaves for some time are mere)

phyllodia adapted for aquatic existence. These have chlo^

phyllous epidermal cells, but are so thin that they can e

watched easily even under high powers of the microscope.
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some of the experiments the plants were allowed to take root in

soil covered with water, and the leaves removed as desired for

examination. It was found, however, that even a piece of a

leaf would remain fresh and active in a drop of water in a Van

Tieghem cell for several days, and thus could be watched

directly. The best results were obtained with young seedlings

whose roots were placed in one of the arms of a Ward cell

partly filled with a nutrient solution, and the first grass-like leaf

was held up by a little cotton support so that it adhered to the

cover glass containing a drop of water and the sporangia.

This species of Cladochytrium is placed by some botanists

under the genus Physoderma, because it was not known to have

a temporary sporangium. Our experiments were somewhat sur-

prising, since they showed not only that such a stage existed,

but that it was of a quite peculiar type. When this was first

seen its relation to Cladochytrium was not suspected, but when
it became evident that the two were connected, a large number

of culture experiments were made in order to remove all doubt.

The result was that this temporary stage appeared in every case

where the resting sporangia germinated in water containing the

young Alisma, and failed to appear in every case where the

sporangia did not germinate and in the checks, both where

nothing was placed with the young Alisma and where merely a

piece of the old Alisma leaf which contained no sporangia was

added.

As the zoospores are usually quite active for some time, it

was impossible to follow a single one from the time of its exit

from the sporangium until it came to rest. It was not difficult,

however, when they began to grow sluggish in their movements,
to find them settling down on the Alisma leaf and to watch

them in their subsequent development, so that there was no

doubt as to their identity. They almost always fix themselves

M
{figs

any do not succeed in penetrating the leaf, as the majority of

during
to effect an entrance. In such cases the zoospores are sooner or
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later destroyed. In other cases, however, and usually within

twenty-four hours after settling down permanently, a short

(fig In the mean-

time the cilium has disappeared, and the oil drop has been

growing smaller, being used apparently for the development of

the rhizoid. This becomes somewhat club-shaped and soon

develops from the swollen tip short branches which eventually

grow out into slender branched and somewhat irregular threads

(figs. 16-18) . By means of this rhizoid the young sporangium,

as it may now be called, gains nourishment and soon begins to

increase in size, so that by the end of the first day after its

penetration it may have grown to twice its former diameter

The chlorophyll grains of the host, which normally are distrib-

uted rather evenly over the cell wall, are now seen to be congre-

gating in the vicinity of the rhizoid, so that very often all c

them are eventually clustered there (Jig. 4). Sooner or later

the young sporangium ceases to swell uniformly and becomes

constricted at places, so that it develops a number of folds.

These give the elongated forms a somewhat bilateral, and the

circular forms more of a radial symmetry. The sporangia keep

on enlarging until sometimes they reach over 80 n in diameter

though often they may increase but little beyond the size of the

original zoospores. This variation is determined by condition

of leaf, number of competing sporangia, etc. Usually the

rhizoid is not extensively developed in the cell, so that after the

fromw o — 6 4vv * **• ao iiiuucii irum view.
After the temporary sporangium has attained its full size, its

protoplasm becomes faintly divided into areas, about the circum-

ference of which the numerous small oil drops seem to have

chiefly congregated
(fig. 6 ). In time the small oil drops of

each area unite into the large drops of the individual zoospores,

and it is by these, rather than by the appearance of visibi

boundaries, that the zoospores may be distinguished. W^
the zoospores have been forming, the papilla of dehiscence has

been developed at one end or side of the sporangium.
There

is usually a space here free from zoospores, and the cell wall b
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gelatinization forms a distinct hyaline area extending inward in

a manner similar to that already described in connection with the

germination of the resting sporangia {fig. 12). At the time of

dehiscence this gelatinized envelope is often protruded at the

opening. Into this vesicle the zoospores dart, forming a ball,

though it becomes dissolved and the zoospores scattered before

all have escaped. The number of the zoospores that is produced

depends on the size of the sporangium and varies from three or

four up to probably as many hundred. The zoospores are like

those formed in the resting sporangia except that they are pos-

sibly somewhat smaller. They settle down on the leaf in time,

and give rise to secondary temporary sporangia, and even a third

generation has been observed on the same leaf. Because of

eir crowded condition, the failing power of the leaf to furnish

nourishment and its diseased condition, these second and third

generations, at least in cell cultures, often produced sporangia

of smaller size, and their zoospores seemed less active,

extreme cases even failing to move around after being dis-

charged. Sometimes such zoospores had oil drops of a sickly

reddish-yellow color. In leaves kept in cultures for some time,

occasionally there occurred areas in which the sporangia covered

half the surface of the leaf {fig. 20).

After a sporangium has discharged its zoospores, if the con-

ditions for growth have been favorable, it is seen that a second

sporangium has started within. The rhizoidal apparatus is sepa-

rated from the sporangium
zoospores have escaped, becomes protruded as a papilla, by the

further growth of which the second sporangium is formed {fig. 7).

This process may be repeated until in some few cases as many as

five or six sporangia have been developed concentrically. Usu-

ally only one or two additional ones are formed, or even only

the oricrinnl ^n«

in

as

(fig- n)- They
though this place of discharge often becomes obscured {Jig.

r

sporangium from a given

temporary

-sting spo-

figs. 2-p. The similar development of
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two small sporangia from the zoospores of a temporary sporan-

gium is shown in figs. 10-13.

In a few cases, about three weeks after the first infection by

the zoospores, there were also found mature resting sporangia

similar to those found in the old leaves in the autumn (fig. 46).

In one case the first sign of these was seen about two weeks

after the first infection.

The development of the resting sporangia is quite similar

to that described by Biisgen for Cladochytrium Bittomi. The

zoospores penetrate into the leaf much as they do for the forma-

tion of temporary sporangia, but in this case all of the contents

of the zoospore passes into the enlarged end of the rhizoid-like

process. This enlarges into a greatly swollen cell that eventu-

ally forms the Sammelzellen of authors {Jig. 25
s

). After this

cell has reached its full size, a cell is separated by a partiti

across the smaller basal end (the end connected with the pene-

trating zoospore), which is less rich in oil globules than the

larger apical or free end. This latter cell may also become

divided into two or more, apparently sometimes temporary com-

partments. From this apical cell or cells are developed one to

several very fine simple mycelial threads which connect the

Sammelzellen to the cell walls of its host {fig. 29). On one

side of the basal cell near the septum a rhizoid-like process is

usually seen. In the same vicinity, evidently connected with

this basal cell (though this was not surely made out) and more

less embraced by the rhizoid-like process, there appears

small round cell that rapidly enlarges into the sporangium,

while the basal cell becomes empty of its contents (figs.
27-29).

One or more of the mycelial threads may penetrate into another

ceil, and there give rise to a similar apparatus {figs. 28-31)- In

this way the fungus spreads from cell to cell. About this time

the apical portion of the Sammelzellen becomes more or less

collapsed {fig 29), but whether this is due to the production of

the secondary Sammelzellen developed from it, or to a process of

fertilization, as claimed by some botanists, was not determined-

On the side of the young sporangium there is also often seen a

or a
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rhizoid-like process. The exact nature of these processes is not

clearly shown, though very often they seem to bind the sporan-

gial cell to the Sammelzellen. The sporangium while young

contains numerous small oil globules scattered through the

protoplasm, but these gradually unite into the one central oil

drop. The sporangial walls also gradually thicken, become

tinted, and the sporangium is finally matured {fig. 46). In the

young sporangia there is some indication of a special place for

the dehiscence of the cap. Young sporangia that were slightly

crushed under a cover glass split off a cap on the side away
from the Sammelzellen. This is evidently the side that in the

mature sporangia is occasionally seen somewhat cupped. Mature

sporangia, however, when crushed, do not always split open so

regularly.

The infection experiments were all made with the aquatic

leaves of seedling plants. It seems very likely that the nature

of the leaves determines the character of the sporangia formed,

the exposed temporary sporangia being adapted to the peculiar

aquatic leaves, and the internal resting sporangia to the aerial

leaves. There were some indications that the temporary spo-

rangia did not develop so abundantly on the later leaves, while

in none of the aquatic leaves did the mature sporangia develop

to such an extent as one might expect if these presented the

most favorable conditions for their production. What different

conditions determined, as was sometimes the case, the produc-

tion of both stages on the same leaf was not discovered, but a

possible explanation may be that the resting sporangia were

developed from zoospores that after settling on the leaf were

exposed to the air.

The time relations in the development of the different stages

of this fungus are shown approximately by the following obser-

vations made in one case :

March 21. Resting sporangia placed in water with young Alisma leaf.

'

orangMarch 23,

March 23-24. Active and quiet zoospores present.

March 25. Some zoospores have penetrated leaf t

rary sporangia.

form tit
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March 26. Temporary sporangia of larger size.

March 28. Many temporary sporangia emptied of zoospores.
March 30. Oldest temporary sporangia emptied a second time ; second

crop of temporary sporangia developing.
April 1. Second crop of sporangia matured; third crop developing:

signs of resting sporangia.

April 8. Several mature resting sporangia found.

Despite the luxuriant production of zoospores there are a

number of causes that may prevent their forming sporangia.

In the first place, they seem to be in their fresh condition a

coveted prey for a number of the lower animals. In cell cultures

amoebae were seen that had devoured eight or more. Even

some of the little heliozoa, scarcely larger than a zoospore, were

seen to catch as many as six before they became apparently sat-

isfied. But the most ravenous enemies were occasional rotifers,

which did not seem satisfied with a capture of several hundred.
In the second place, the zoospores must reach their host and

settle down upon it. Very likely many fail to do this.

Finally, after reaching the host there are those that never suc-

ceed in penetrating into the tissues.
The resemblance of the temporary sporangia to the form

described by Zopf as Rhizophyton, on desmids and unicellular

algae, suggested the possibility of the temporary sporangia
developing on such hosts. In no case, however, where germi-

nating resting sporangia were placed with various species of

algae and desmids, were there any indications that the zoospores
tried to penetrate them.

The discovery of the temporary sporangia for this Clado-

chytnum suggests the possibility that other members of the

niysoderma section of the genus may also have a similar stage-

hroughthe kindne*s of Professor Thaxter the writer succeeded
m obtaining leaves of Menyanthes trifoliata infected with Clado-

chytnum Menyanthis. These leaves had been out doors all

winter, and were badly rotted when obtained. The restim
sporangia, however, germinated rather readily when placed in

vvater. This Cladochytrium differs from the one on Alisma in

the smaller, lighter-colored resting sporangia, which are also
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more permanently bound together by the cells of the host. Appa-

rently it has also a very thin outer wall. Its germination differs

decidedly in that no cap is split off. Instead, an elongation

takes place at one end, as if the inner wall had pushed through

the outer wall and the encumbering plant tissue. At the end of

this prominent outgrowth is produced the papilla of dehiscence,

and the subsequent history is similar to that of the other species

{figs. 21-24). Attempts to infect young Alisma leaves and

various algae with the zoospores from this species were not suc-

cessful. Unfortunately, seeds or plants of the Menyanthes were

not at hand for infection experiments.

Cladochyttium Alismatis was first described in 1833 in Ger-

many by Wallroth (1) , who named it Physoderma maculare. Its

identity has since been fully established, as the original speci-

mens of Wallroth were examined and figured by De Bary (2)
in 1864. Fuckel (3) in 1869 transferred the fungus to the genus

Protomyces, to which it evidently does not belong. In 1887
Busgen

(5) placed it in the genus Cladochytrium, and also

changed the specific name to Alismatis. There was no apparent

reason for this latter change, unless it was to make a uniform
usage in his paper of having all the species named after their

hosts. Strict adherence to priority would require the use of

Wallroth's rather than of Busgen's specific name. Schroeter

(4> 8) and Berlese and De Toni placed the fungus under Physo-
derma, Schroeter distinguishing this from Cladochytrium by the

absence of temporary sporangia. Fischer (7), on the other

hand, does not consider them distinct, and places them with

Schroeter's genus Urophlyctis under Cladochytrium.
The fungus has been found only on Alisma Plantago L. and

•ts varieties. It is reported in Saccardo's Sylloge Fungorum as

occurring in Germany, Finland, France, Italy, and Siberia. The
following exsiccati, which have been examined by the writer,

contain specimens: Krieger, Fungi saxonici, 681, Physoderma
"warfare; Rabenh.-Wint.-Paz., Fungi europaei, 3977. /%»*
erma maculare; Svdow, Phycornyceten et Protomyceten, 45.

Cladochytrium Alismatis; Sydow, Mycotheca Marchica, 4331,
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Cladochytrium Alismatis; Sydow, Phycomyceten et Protomyceten,
141, Physoderma maculare. Numbers 4867 of Roumeguere's
Fungi selecti exsiccati, 141 7 of De ThOmen's Mycotheca uni-

versalis, and 1 of Karsten's Fungi Fenniae exsiccati, though
thus named, are specimens of Doassansia Alismatis.

The writer wishes to acknowledge his indebtedness to Pro-

fessor Thaxter for very helpful assistance in the study of this

fungus, and to Professor Farlow for some of the references to

the literature and the opportunity to examine herbarium
material.

Harvard University.
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Cladochyt 1892.

Pflan
Wallr. Engler and Prantl

All

EXPLANATION OF PLATES II-IV.

5,o diameters), and 20 (about 300 diameters).

-39 (
about

PLA TE II.

porary

1-9- Stages in the development of a tPmnnnrv snoransrium, P**
*

uucea irom a zoospore
days. *

consecutive

Figs. 10-15. Stages in the development of two small temporary spo-

pa, produced from zoosoore* nf * *„™„ * , ;.,^ ^nnn^ threezoospores
successive days.
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1

Fig. i 6. Side view of a temporary sporangium showing its rhizoid.

Fig. i 7. A temporary sporangium that had emptied three times.

Fig. 18. Several young temporary sporangia, illustrating the early

development of the rhizoid.

Fig. 19. Zoospores from temporary sporangium.

PLA TE III.

Fig. 20. Epidermal view of portion of Alisma leaf showing numerous

immature temporary sporangia.

sporangia being bound together by remains of plant cells

Menyanthis

Figs. 25-32. Stages in the development of the resting sporangia of C.
m •

Alismatis.

Fig, 25. Penetrating zoospore with Sammelzellen and mycelial threads.

Fig. 26. Two penetrating zoospores with Sammelzellen and mycelial

an
Fig. 27. Sammelzellen with attached young sporangial cell.

Fig. 28. Sporangial cell further advanced.
Fig. 29. Sammelzellen collapsing, sporangium about full size, and sec-

ondary Sammelzellen well advanced.
Fig. 30. The beginning of secondary Sammelzellen.
Fig. 31. Secondary Sammelzellen dividing into apical and basal cells.

young
angium.

PLA TE IV.

sporangi
FlG. 33. Section through cells of old leaf of Alisma, showing resting

sporangia

FlG. 34. Germinating sporangia still imbedded in woody cell of petiole.

Figs. 35, 36. The same resting sporangium just before and after empty-
ing its zoospores.

* IG
- 37- Side view of an empty resting sporangium.

Fig. 38. Resting sporangium with protoplasmic contents divided into

areas, small oil drops, and beginning of papilla of dehiscence.
FlG. 39. Resting sporangium with prominent lateral papilla of dehiscence,

about to discharge its zoospores.
IG. 40. Fresh zoospore from resting sporangium.

FlG. 41. Older and sluggish zoospores.
IG

- 42. Still older zoospores, having lost their cilia.

FlG
- 43. Old zoospores going to pieces, showing vacuoles with peculiar

vibrating bodies.

igs. 44-46. Stages of resting sporangia in cells of young aquatic leaves

Alisma
; produced by artificial infection.



BRIEFER ARTICLES.

AMONG HETEROECIOUS
PLANT RUSTS.

The collection and study of Uredineae are beset with a difficult

not found in connection with other classes of plants. A large number

of species, principally belonging to the genera Puccinia and Uromyces.

inhabit two wholly diverse species of host, and the form of the fungus

assumed upon one host gives no clue to the alternate form upon the

other kind of host. If teleutospores, for instance, are found upon a

grass, there can be nothing detected in the morphology of the rust or

of its host, with possible rare exceptions, to indicate whether the corre-

sponding aecidiospores are to be looked for upon a monocot or a

dicot, upon a liliaceous, ranunculaceous, or composite plant, or plant

of some other family, upon a tree, shrub, or herb ; in fact there is a

clue whatever. So it comes about that the two halves of heteroeciov

species are usually gathered separately and listed independently under

different genera.

Probably most localities will furnish from a dozen to twenty^
spec.es of aecidia, and/<r contra the same number of unattached teleu-

tosporic forms. Or, to use the prevailing method of expression, there

will be so many heteroecious species showing teleutospores, and an

equal number of undistributed aecidia. Yet it stands to reason tb

whether the aecidial or the teleutosporic half be found, still it is but

naif the species. Contrary to general opinion, there is no definite

proof that the one half has any more physiological or taxonomic imp°

tance than the other, and the small consideration at present given I

collectors and students to the aecidial forms is unfortunate and unwar-

m T\ f artranted.

For some time I have carried on successful cultures with the heter-

oecious Uredineae, by which spores of one half of a species were so**

and eventually gave rise to the spores of the other half of the same spe-

cies. To accomplish this it is necessary to have a pretty clear clue to

' Read ^^ the Bota™al Society of America, Denver meeting, August I9«»"-

62 V*
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the host on which the second half grows. For instance, if I have teleu-

tospores, found upon a grass in germinating condition, shall I sow

them upon a geranium, gooseberry, buckeye, thistle, or some other one

of a hundred or more plants known to bear aecidia ? I might try each

one in succession, and hope eventually to hit upon the right one. But

the chances of success by this method are few, in fact, according to my
experience, far too few to warrant its use. On the contrary, in order to

cherish any reasonable hopes of success it is necessary to possess very

definite clues. The method of obtaining these clues I desire espe-

cially to call attention to, for it seems to me that observation of this kind

will add at times much interest to collecting, and provide valuable data

to supplement that usually taken.

To make the problem more concrete, I may state that during the

present season I have grown from teleutosporic material the common
aecidia on Sambucus, Erigeron, and Aster, and an aecidium on Ribes

that appears to be different from the common form. The teleuto-

spores for these four species of rusts came from as many different spe-

cies of Carex, and have heretofore been erroneously listed as Puccinia

Cartcis. The taxonomic significance of these results will be brought

out when the data are ready for publication ; it is now only intended

to be shown how I came to sow these particular teleutospores upon the

right hosts.

In the first place, all observations affording clues (with such excep-

tions as the similarity in form between uredospores and aecidiospores

to be detected only with the microscope, which are so rare as to be

negligible
) must be made in the field. For the most part they must

be made previous to the season when the cultures are undertaken. It

is advantageous, indeed , to watch the same rusted plants, or clumps
and areas of rusted plants, from season to season. In this way the inter-

est is not so much centered in the specimens carried away, as in the

fungus crop that is left behind. When specimens are gathered, they

are labeled not only with the usual data, but with sufficiently exact

directions so that the spot may be found again. The same host plants

are then examined from time to time as the succession of spore-forms

appears— spermogonia, aecidia, uredo, amphispores, and teleutospores,

0r in Part as the case may be. It is like watching for a succession
of blooms, and the pleasure of collecting is much enhanced. The
* ole available territory over which one may ramble or drive now
comes mapped out into specific localities where this, that, or the
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other kind of rust grows, and what was mere collecting has resolved

itself into an ecological study of absorbing interest.

Only a rich and plentiful occurrence of the rust, whether over wide

or restricted areas, is of much value to furnish a clue to relationship

Scattering aecidia or teleutospores generally mean that the source of

infection is at a considerable distance, and what is found has come from

chance spores blown long distances by the wind. Species vary much

as to the distance spores may be carried in condition to start infection,

but for our present purpose any distance from a hundred feet to a mile

or more is likely to be enough to render our deductions very uncertain.

Probably the easiest and clearest clue is obtained by watching to

the first appearance of aecidia. If they can be found thickly covering

the leaves of a vigorous plant, especially near the ground, and ve.

few or no aecidia of the same kind upon adjoining plants of the same

species, let us search carefully underneath for dead leaves of grass or

sedge bearing teleutospores, and for a foot or two around. If these

can be found, a little additional search will generally bring to ligbt

fragments of last year's inflorescence, by which the specific identity of

the teleutosporic host may be determined. The leaves closest to the

rusted grass or sedge, which is presumably the source of infectio

should bear the thickest sprinkling of aecidial spots. If now a careful

search reveals within a radius of ten or twenty feet, only this one gr£

or sedge bearing teleutospores, we have good reason to assume that the

aecidia have arisen from sporidia derived from the recent germination

of the teleutospores, and that the two are parts of the same species.

By continuing our observations we ought to find after a time, if &
weather is propitious, that uredosori are appearing upon the gree»

grass (or sedge) leaves, more abundantly upon those close to

aecidia, and fewer the greater the distance. Only the earlies

the

can

rule

adily,as

those arising from aecidiospores. If such juxtaposition of

kinds of spore formation, such coinciding of two centers of ink****
be found elsewhere, or for more than one season, especially when

other

two

fectioft

are proviucu --

»<%•* nf r.ultures*i

.~ „, „ ay LKJ cause conrusion, we
strong clue to relationship. Of course, nothing s
enable one to be perfectly certain. A clue of this sort led to

sowing for the Aster aecidium mentioned above.
Such good fortune as finding th* *™ hoi™.* «f a rust I

clearly
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associated does not occur frequently, although more often than the

uninitiated might suppose. A clue of less value may be obtained by
finding a limited area monopolized by a single species of grass or

sedge, the whole well rusted. We now search for aecidia upon herbs,

shrubs, or trees growing within the rusted area, or not to exceed a

hundred feet from it. Abundance and nearness, and taking into

account all other forms, give us our clue. This was the kind of clue

used for the sowing of Sambucus. A Carex of very distinctive habit,

species unknown as the plants were sterile, grew in a thick mass, not
over ten feet across, that was heavily rusted each season. This spot

had been under observation a number of years. No other locality in

the immediate region was known for the Carex, and owing to the char-

acter of the surrounding ground, it could scarcely find a foothold
within a half mile, or possibly much more. No aecidia appeared on
any plant growing among the Carex, or within ten feet of it. It was
a rich region for plant rusts, and within one hundred feet aecidia were
found upon Ranunculus, Oenothera, Impatiens, Eupatorium, Napaea,
Sambucus, Ptelea, and Urtica. The aecidia of Ptelea and Urtica were
known to belong to other teleutospores ; the aecidia on Ranunculus and
Oenothera were too abundant and widely diffused through the adjoin-
ing region to warrant their being considered. This left four kinds of
aecidia sufficiently local to be accepted for trial, and after two season's
work it has been positively ascertained that this particular Carex rust
must belong to the aecidium on Sambucus.

When a rust occurs very sparingly in a region, but richly developed,
or when it is restricted to a rare host, close watch in the immediate
icinity ls sometimes rewarded by the discovery of the alternate form.
ccasionally this alternate form is so conspicuous that it has been pre-

viously collected, but not infrequently it proves to be a sort not before
recorded for the district.

e better one becomes acquainted with the rusts of a small region,
e more chances there are that his inferences regarding relationship

*» stand the test of cultures. If he does not make cultures himself
some one may be found who will be willing to undertake the sowings,
Fovided material be furnished. This consists of small living plants

I

suPP0sed host of the aecidia, and grass or sedge leaves bear-

qu ]

C rUSt
'
the latter gatnered during the previous winter and subse-

cosT c
kept out of doors

'
Both are readil >' sent hy maiI at a triflinS

tures with use of aecidiospores are also important, but less
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easily arranged for when they are to be made at a distance from the

source of material. Sometimes a single sowing of teleutospores deter-

mines the point in question, but for a variety of reasons it usual*

does not. A common source of difficulty is the failure of the teleuto-

spores to germinate. But these are details pertaining to a separate

matter. It will be many years before any large proportion of our

numerous heteroecious rusts will be connected with their respectr

aecidia, and in the meantime all clues to relationship will be much

prized by students, and their pursuit will give to the collector an

additional source of pleasure.—J. C. Arthur, Purdue University.

ROCKY MOUNTAIN PLANT STUDIES. I.

Having spent the past two collecting seasons in the field with rro-

fessor Nelson, and having had the opportunity of much observation

and some investigation in the herbarium, I have become greatly in

ested in the varied and beautiful flora of the middle West. No one who

comes into close contact with the plants of this region can fail to w'5

to know more of them. It is my belief that the following plants o-

this region have so far remained unrecognized. The types are

*-^ * L ft

'

deposited in the Rocky mountain herbarium of the University

Wyoming.

Marsilia oligospora, n. sp.— Plant A-fm high: leaflets woolly or

becoming glabrous, 6-iomm long, 3-7™ wide: sporocarp solita .»

6"™ long, 4-5""" wide, covered with long straight and appressed (rare

somewhat woolly) pubescence: raphe short: lower tooth short

blunt, upper a mere rounded papilla or wanting: peduncle S'

long : sori 5-8 in each valve : megaspores oval to barely oblong,

in each sorus.

This is a species which has passed for M. vestita, but seemingly
ea

very close relationship to it. The absence of the sharp upper tooth on t e

rocarp, which is so prominent in M. vestita, is a mark by which t

^
readily be distinguished in the field. The number of sori in eac *

less in M. oligospora than in M. vestita—$ to 8 in former, often 10 or n
^

latter. The number of megaspores in the two is noticeably differen

'^
sorus in M. vestita containing at least 12 and usually r8 to 20. J}***^

.

quite a noticeable difference in the shape of the megaspores and B>

acter of the pubescence of the sporocarp.
The type is number 6 :fin hv Ai„n M*!™*, and F.lias Nelson, from Tack**



1902] BRIEFER ARTICLES 67

hole, Uinta co., Wyoming. It occurred in the bed of a drying-up marshy

lake.

Erythronium obtusatum, n. sp.— Bulb rather thick, 3-5™ long,

deeply imbedded in the soil: leaves oblong-elliptical, io-2ocra long,

3""5
cm

wide, obtuse but usually apiculate, never mottled : scape stout,

usually 2-3-flowered (1-5): perianth segments pale yellow, drying with

a purple tinge (in the field drying white), 2.5-3.5
cm long, 6-1

5

mm wide,

usually reflexed : filaments dilated at the base and tapering gradually

to a point at the anther ; anthers 5-8mm long, dark purple : stigma

deeply 3-lobed; style very slender, usually equaling or exceeding the

stamens.

This species is most closely related to E. grandiflorum, from which it dif-

fers in its very broad, obtuse leaves, its pale yellow and purple-tinged (at

least when dry) flowers, its shorter, dark-purple anthers, and its dilated fila-

ments. Hendersoni
of the question since that calls for mottled leaves, purple perianth segments,

fleshy subacute auricles at the base of the inner perianth segments, the two
scales subglobose-inflated, very slender attenuate filaments, and a shortly

3-lobed stigma (ours deeply 3-lobed), none of which characters E. obtusatum

possesses. It is barely possible that, in large part, the Erythroniums of Mon-
tana, as well as those of northern Wyoming and adjacent Idaho, are to be

included in this species.

Two collections of it are at hand: Yellowstone park, Glen creek, 1889,

Avert Nelson and Elias Nelson, no. 5606 (type) ; Idaho, Continental divide.

«899. same collectors, no. 5480 (co-type).

Erythronium parviflorum (Wats.).—A low plant with opposite leaves :

bulb slender, 3-5™ long: scape slender, io-2ocm long: leaves oblong,
tapering gradually to acuteness at both ends, io-i5cm long, 3-4

cm wi <*e:

flowers rarely more than one, the peduncles abruptly curved in the form
°t a shepherd's crook : perianth segments broadly lanceolate-acuminate,
2-3cm long, about i

cm
wide, bright yellow with a very pale greenish base,

strongly reflexed: filaments slender, i-i.5cm long; anthers short, a

"tie lighter than the petals : style clavate : ovary and capsule broadly
°bbng to even oval, 2-3™ long.

This species differs from E. grandiflorum principally in being much
S

^
3 ler

*
m 'ts smaller bright yellow flowers with light colored centers, its

a ptiy curved peduncles, and its very short anthers. The description of E.
g^difi°rum parviflorum Wats, is very indefinite and incomplete, but

11 °UDtly refers to the above form, which is well worthy of specific rank.
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Wyoming, Telephone mines, 1900, Aven Nelson, no. 7833 ; Colorado,

summit of mountains, west of North park, 1899, G> E- Osterhout.

Tradescantia Laramiensis , n. sp.— Stems 3~4dm long, branching

freely; stems and branches erect, stout, glabrous ; the branches arising

from the axils of the leaves : persistent"radical leaves few, linear, 5-10"

wide
;
cauline leaves linear, forming a short turgid sheath at the base,

a little narrower than the radical leaves ; both radical and cauline

strongly divaricate (nearly at right angles to the stem); the involucral

leaves narrow
(
2-3

mm
wide), often equaling the cauline : umbels ses-

sile, terminating stems and branches : flowers very numerous in each

umbel (often 50), hanging down in age : pedicels long (2.5-3.5"°) :

pedicels and sepals remarkably glandular-pubescent: sepals linear-

oblong, acute, jo-i 2
*m

long: petals dark blue, broad, obtuse, abo

double the length of the sepals : filament once or twice sharply folded

on itself and immersed in the copious wool arising from its lowest seg-

ment: ovary ribbed with rows of glandular hairs.

T. Laramiensis is related to T. scofiulorum, but differs from it in the color

of the flowers (T. Laramiensis being much darker), in stoutness, in the size

and the arrangement of the umbels, in glandulosity of the inflorescence and

flower, and in fruit characters. The remarkable pubescence is alone enough

to separate T. Laramiensis from T. scopulorum, but the woolly condition of

the hlaments and enormous umbels are also decisive characters.
collected in moist, rocky ground in Halleck canon, Albany co., Wyomin-

by A ven A elson, no. 745 5

.

Iris pelogonus, n. sp.- Roots thick and fleshy: rootstock stool

stem ample terete, stout, 2.5-3.5- lo I_ 3 .flowered : leaves mosti

basal, very dull light green, thick and rigid, half as long to a fit*

longer than the scape, 3-6- wide : flowers in bud dark blue, fading *
age, pediceled

;
pedicel 1-10-long: perianth segments prominen"

nerved glabrous, not crested, simple, outer ones 4
-6™ long, about f

R LT mner a Httle short« and about 8- wide : tube above **.

L ,

Mg: StlSmas "-I8- long, exceeding the filaments by 5
*

•
bracts scanous, lanceolate-acuminate, always completely concea

segments
"^ "* ""^ eXtendinS haIf the *»** of the per***

relJ«U )
7" li" Pla"' f°™d in the Wasatch Tertiary clays. l« -J*

o" he wh^ J T" in C°,0r
'
Wid,h

' "d risiditv of the leave,, stout*
whole plan,, be,„g much stouter

« - „ lhe Co

w
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parative length of the bracts with the pedicel, ovary, and flower, and in the

relative length of the stigmas and filaments.

Collected at the Bush ranch, Sweetwater co., Wyoming, by Avert Nelson,

no. 7102.

Alsine validus, n. sp.— Plant glabrous, much branched: stems

four-angled, i2-i8cm high: leaves lanceolate, broadest at base, i~3cm

long, thick, subcoriaceous, acute, rather rigid, never ciliated at base:

bracts very small, i-3mm long, ovoid or oblong, somewhat acute, scari-

ous: flowers in a usually terminal, many-flowered, compound cyme;

pedicels and rays subequal, very variable, 2-5 cra long
;
pedicels straight

and rigid, spreading or horizontal : petals deeply two cleft, a little

exceeding the sepals : sepals ovoid, with somewhat acute point and

scarious margins, 2-3mm long, i.5-2 mra wide : capsule dark brown, shin-

ing, nearly twice the length of the sepals, oval, obtuse : styles 3, 3-4
mm

long, recurved and crested with an abundance of very fine short bristles:

seed quite smooth.

The many-flowered compound cyme, stout, thick, wide-spreading pedicels,

obtuse capsule, and very small bracts readily separate A. validus from A.
longipes, its nearest relative. The latter has a simple few-flowered cyme,

filiform, erect pedicels, more or less acute and more elongated capsule, and
also much larger bracts. The character of the inflorescence of A. validus is

much like that of A. longifolia, except that the pedicels are straight and stout

instead of filiform and curved.
It was collected in the Centennial valley, Albany co., Wyoming, by Ave*

Nelson, and is the only material of it at hand. The type no. is 7726.—Leslie
N. Goodding, University of Wyoming, Laramie.



CURRENT LITERATURE
BOOK REVIEWS.

Plants in their haunts.

Almost simultaneously three attractive books have appeared, having for

their mission the acquaintance of laymen and amateurs with plants in their

natural field relations. 1 Flowers and ferns in their haunts is a particular

attractive volume, the full page engravings being unusually clear and true

nature, while at the same time they are artistic gems. The chapters introduce

the reader to various topics, from the coming of spring to the aftermath, and

many of the topics bring out various ecological features in a purely
technical manner. Some of the more suggestive chapter headings ir

regard are "Along the waterways," "Poisonous plants," "In silent woods,

non-

this

Wayf >l

Our ferns in their haunts, by the well-known student of ferns, Willard

t

.
Uute, aims to present ferns to beginners and fern-lovers in such a

manner

way

The

oook is profusely illustrated and contains very much more detailed accounts

o both structure and habitat than are to be found in the ordinary manua
Much m the way of folk lore is added as well. The keys and glossary seem

so well gotten together that the identification of ferns must surely be made

eas,er than that of seed plants
With -

edition.

:cond

extreme

a t on. It does not stick too closely to scientific facts at all points, as in the

cut showing leaf structure. One could wish also that such small and relatively

harmless plants as the sun-dew were not included under the blood-curdlmg
title ot osrre-flowers " ti,„ •

anH *™ Z
l"wers

- the impersonation of plants is carried to an
and even hurtful degree in this volume.- H. CCowi.ES.

V»

t

ZhZ
TfABEZ °SG00T>: Fl0wers and ferns in their haunts. Svo. pp.

*+

NeW Vol
5

.

7
IT P"ge Phot°graPhs and 118 text illustrations drawn from photograph*

r "1* l
h
?
Macmillan ComP-y. 1901.Clute, Willard N. : Ourfe

piares and 185

Company. 1901.

Going

+ 332, with 8 colored

with 5,^?
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D

;^h thC Wild fl-ers. ,6mo. Revised edition. fP .
*+*

TJ*
tCXt CUtS and fuli PW plates. New York : The Baker and Taylor Cornpa*
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1

MINOR NOTICES.
In Dryer's new " Lessons in physical geography " 2 we are pleased to

notice a fuller account than is usual in such books under the topic " Plant
geography." It is refreshing to see some of the more cogent ecological facts

presented in place of the time-worn statements current in the older physical

geographies.— H. C. Cowles.

The fifth and sixth parts of Engler's Pflanzsnreich ' have appeared,
continuing the finely organized and illustrated presentation of the previous parts.

Rafflesiaceae (fam. 75) comprise 7 genera and 27 species, and Hydnoraceae
(fam. 76) 2 genera and 10 species. Symplocaceae (fam. 242) are represented
by the single great genus Symplocos, containing 282 species, 114 of which
are described as new.—

J. M. C.

The first fascicle of the fifth volume of Thome's Flora von Deutsch-
land* dealing with cryptogams, has appeared, with Dr. Walter Migula as
author. The pteridophytes appeared in the first volume, so that the present
one begins with the Bryophytes. A general discussion (2 1 pp.) of the essential
features of the group, illustrated by the excellent plates, precedes the sys-
tematic presentation. The fascicle includes the Sphagnaceae, comprising
22 species of Sphagnum, and also the beginning of the Andreaeaceae.
J- M. C.

Dr. Eug. Warmings has published his sixth contribution dealing with

Podostemaceae, presenting the genera Polypleurum, Cladopus, Griffilhella.

Sphaerothylax, Tristicha, and Marathrum. The very full and illustrated
account of the anatomy, morphology, and distribution of these interesting
orms follows the method of the preceding papers, which appeared in the
same publication in 1881, 1882, 1888, 1891, and 1899. In another contribu-
tion the author promises to present a systematic revision of the family, based
upon these studies.— J. M. C.

R. K. Giesenhagen 6 has published a very complete monograph of
tphobolus, a genus of epiphytic ferns of the oriental tropics and subtropics.

RYer, Charles R.: Lessons in physical geography. i2mo. pp. 43©, with
347 gures. New York, Cincinnati, Chicago': American Book Company. 1901.

fles"

NGLER
* A,: Das PAanzenreich. Regni vegetabilis conspectus. Part 5. Raf-

^esmceae una Hydnoraceae von H. Graf zu Solms-Laubach. M 1.40. Part 6.

>mpocaceae von A. Brand. M 5. Leipzig: Wilhelm Engelmann. 1901.

plat*

H°r

f

V°n Deutschland
- V- Kryptogamen- Flora. Lfg. 1. pp. 1-32, with 7

es
. 5 of them colored. Gera : Friedrich von Zezschwitz. iqoi. Ml.

du D
F amil 'en P°d0StemaCeae

* VI
* Memoires de l'Academie royale des Sciences

jmemark. Danske Vidensk. Selsk. Skrift. 11 : 1-67. 1901 (part 1).

t a» I? ? FarnSatt«ng Niphobolus. 8vo. xii+223, with 20 text figures. Jena : Gus-
* lscher

- 1901. M5.S0.
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In the first chapter (pp. i-ii) he discusses the general principles of the

classification of ferns ; in the second (pp. 12-30) a history of the genus is

given; and in the third (pp. 21-85) very full details of its morphology are

presented, under the headings prothallium, rootstock, root, leaf forms,

trichomes, venation, hydathodes, sori, and leaf anatomy. The fourth chapter

(pp. 86-223) contains detailed descriptions, both diagnostic and supplemen-

tary, of the 49 species, 10 of which are described as new.— J. M. C.

Dr. Jakob Huber, botanical director of the Museum of Natural History

of Para, has issued the first two decades of his Arboretum Amazonicum
Each species considered is represented by at least a page of text in Spanish

and French in parallel columns, and a plate. The plates are exceptional

fine, being heliotypes from remarkably good photographs. Many of the

plants are represented in their natural setting, and the views of tropical plant

formations are the finest we have seen. This series of illustrations will be

highly prized for its artistic and scientific excellence. In addition to illustra-

tions of prominent genera, several plates represent characteristic plant soci-

eties, as a savanna and two illustrations of river bank vegetation. The work

will appear in ten parts, at 10 francs a part. The author is to be congratu-

lated upon this valuable contribution to botanical literature.— J. M. C.

Another fascicle of Plantae Bakerianae 8 has just appeared. It con-

tains "a somewhat miscellaneous congeries of paragraphs dealing with new or

otherwise interesting species " of Mr. Baker's collecting in the Gunnison water-

shed in the summer of 190 1. It is a first installment of volume III of the serie

and is published before the completion of volumes I and II. It contains pres-

entations of Ranunculaceae (n. spp. of Cvrtorhynca, Delphinium, and Aconi-

tum), Cruc.ferae (n. spp. of Draba, Arabis, and Thelypodium), Violaceae

(0 n. spp. of Viola), Polygonaceae (n. spp. of Polygonum, Rumex, and Eri-

ogonum), Apocynaceae (2 n. spp. of Apocynum), Asperifoliae (n. spp. of

Wertensia and Oreocarya), Labiatae (n. sp. of Monardella), Scrophulariaceae

H r
PP

"w

CaStllIeia and pentstemon), Compositae (n. spp. of Senecio, Amie
rieiianthus, Tetraneuris, Psilostrophe. Hymenooappus, Artemisia, and En-

geron), Plantagmaceae (n. sp. of Plantago),
*

Nyctaginaceae (n. spp- °f

IsT-Vm
AUi°nia)

'^ PaPilionaceae ("• spp- of Thermopsis and Lup>-

,m V'
P

'
BARKER9 has described a conjugating process that precedes

«W u "ST
^ ^ undescribed yeast organism obtained from commerce

gmBer. He describes the characters obtained from plate-cultures and streak

Dlus Imn!!Tr ffZOnicuin
- Iconographie des plantes spontanea et cultiv^s

Pl» important* de la region Amazonienne. Decades , and 2. 4*0. Para. 1**

les

+36. 18 N 1901- t
FaSC I.)

'A conjugating "yeast." Phil . Trans. Roy. SoJ. B. I94 -467-485. # * ^
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cultures, but chief interest centers in the spore-formation. Under special nutri-

tive conditions (" starvation
M
) two neighboring cells put out beaks towards one

another, which meet and fuse by their tips. The " compound cell " thus formed

appears as two ordinary cells attached to one another by an elongated neck.

"A few hours after fusion, in each compartment of the compound cell " the

spores begin to round off. The author also obtained appearances that he

interprets as fusion of the "nuclear apparatus" in the connecting tube. He
discusses the various possible interpretations, but concludes that this phe-

nomenon is a sexual process of the simplest kind. He also proposes a new
genus to include this form, and suggests the name Zygosaccharomyces.

What constitutes sexual fusion, as distinct from other fusions, is a question

that is becoming increasingly difficult to answer.— J. M. C.

NOTES FOR STUDENTS.
Czapek shows 10 that the well known transformation of starch to sugar,

which accompanies a lowering of temperature, especially in autumn, can be

prevented if the sugar concentration is sufficient. Starch was also formed
in guard cells of certain plants immersed in a io per cent, cane sugar solu-

tion at a temperature of o°.— H. C. Cowles.

Tucker and Tollens,11 also Fruhwirth and Zielstorff,
12 have taken up

the question of the autumnal migration of carbohydrates, proteids, phosphoric

acid, and potash from the dying leaves to the perennial stems of plants. The
works of Wehmer and Behrens have given rise to a disbelief in such migra-

tions, Behrens attributing losses of these substances to decomposition and
leaching out by rain water. The present authors, however, guarding against

such processes, conclude that there are fall migrations of useful substances,

though the amount of translocated material' is very much less than was once

believed.- H. C. Cowles.

D. A. Andrews has been investigating karyokinesis in the pollen mother
cells of Magnolia and Liriodendron. 1* His conclusions in reference to the

first mitosis are that the chromosomes arise from the resting nucleus as

irregular masses, without a previous formation of the usual uniform spiral,

that the resulting chromosomes are mostly U-shaped, and that they divide

Jongitudinally. The identity of the chromosomes, therefore, is not main-
tamed from the first to the second mitosis, the chromosomes in the latter

arising by the segmentation of an irregular spirem and being at first

lUfnpy bodies that assume the form of a shallow fr—jL M. C
l0

Ber. d. deutsch. bot. Gesell. 19 : 120-127. 1901.
tx
Jour. fur Landw. 48 : 39-64. 1900. "Landw. Versuch. Stat. 55 : 9* 1901.

b

13 Karyokinesis in Magnolia and Liriodendron, with special reference to the
C avi0r of the chromosomes. Bot. Centralb. Beih. 11 : 134-142. //. ** pl-

ease
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Hattori l4 has added another to the numerous contributions on the toxicity

of copper. Seedlings of several conifers growing in pots endured much more

copper than branches in aqueous solutions. Moist air, by decreasing the

transpiration, enabled plants to endure a greater concentration in the water—

according to very meager experiments. The copper in water distilled from

copper vessels was found sufficient to kill roots. The growth of Aspergillus

and Penicillium was stimulated by dilute copper ; in the case of Aspergillus

this did not interfere with the formation of conidia. In all cases the concen-

tration of copper is given in the extremely inconvenient form of a per cent.

of CuS0 4+5H 20.— E. B. Copeland.

Benecke's has reinvestigated Cakile and Salicornia in order to test the

recently expressed view of Diels that these plants decompose considerable

quantities of NaCl in their metabolic activities. Diels observed gradual

decrements of salt in distilled water cultures, especially in Cakile, and he

supposed that sodium malate, or some such substance, was formed, setting

free the chlorine. Benecke thinks that Diels failed to account for the increase

of other substances, especially water, in his plants, and that consequently his

percentage comparisons were wrong. The present author uses similar

methods, and concludes that the chlorine content suffers no decrease in dis-

tilled water cultures. Apparent decrease may be due to increase of water,

as noted above, and also to variations in chlorine content in leaves of differ-

ent ages, the old leaves being relatively poor in NaCl.— H. C Cowles.

iIn a recent paper, Professor Guignard ,6 has described the details o.

of double fertilization in Natas major, which do not differ essentially from those

in other forms recently described. The male nuclei are elongated, but do

not take on the vermiform appearance so conspicuous in the Conipositae.

One synergid disintegrates soon after the entrance of the pollen tube, andth

other remains intact for some time after the fertilization of the egg, and ma

itself be fertilized instead of the endosperm nucleus. In the latter case tfc

endosperm does not develop. The fertilized egg immediately divides, one

figure showing the fertilized endosperm nucleus in the spirem stage, while the

embryo .s two-celled. In all previously described cases of double fertifo*

!L°!L
the end0SPerm nucleus invariably divides before the fertilized egg

"•«T

°f division
' In many instances two embryos were observ

side by side, with the unfertilized endosperm nucleus lying between
Two of the antipodals soon show signs of breaking down, but the upper

"Studien uber die Einwirkung des Kupfersulfats auf einige Pflanzen. Jour.

Sc Imp. Un,v. Tokyo I5 : 37 j-394. Ig0I .

'SJahrb.furwiss. Bot.36: i 79- I96. IQ0I .

1901"
La dOUbk f*COndation dans 1« *W* major. Jour, de Bot. 15 : »-* &*' ''*

gns

then

one

CotL
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continues to enlarge for a long time after fertilization. The chromosomes

are very long, the gametophyte number being six, the smallest number yet

reported in seed-plants.—W. J. G. Land.

Investigations dealing with the influence of the medium on plant

development continue to multiply. Pethybridge I7 has experimented with

various salt solutions on the development of wheat, finding that the dilution

of nutrient solutions or the addition to them of NaCl causes root elongation,

decrease in leaves, shoots, and root diameter, and increase in the thickness of

endodermis walls ; the stomata on the under leaf surface almost wholly dis-

appear. Root hair formation is repressed in NaCl solutions and in increased

light. Arker 18 finds that the rapidity of growth of the roots of Lupinus albus

is facilitated by introducing air currents, especially if somewhat rarefied, into

the medium. Beauverie 19 found that an increase of osmotic pressure caused

a reduction in the aerial portions of fungi, together with a lateral dilatation of

the cells; in very strong solutions the entire plant often became submerged.
A more recent study of various seed plants has yielded similar results.

Beauverie refers the well known root curvature in water to differences in

osmotic pressure rather than to aerotropism, finding that the roots grow
straight down in concentrated solutions. The aerial axis becomes reduced in

height and broadened laterally as in fungi. The anatomical structure is

affected also
; a thick cork layer is developed very early in strong solutions

;

but this is not the case where the pressure is weak.— H. C. Cowles.

Bernard 20 has presented to the Paris Academy of Sciences two papers
which will be certain to incite interest and further investigation. In the first

paper, entitled precocious tuberculization in plants, he recalls the production
of tubercles on legume roots and coralloid processes on various tree roots

through stimulation by bacteria and fungi. Bernard shows the remarkable
resemblance between the tuberculous organs of lycopods and orchids, two
widely separated families. The gametophyte and sporophyte of Lycopo-
mm and the sporophyte of several orchids show essentially similar organs,

and are infested by similar fungi, and in all cases the fungus is Fusarium or
a related form. Of a large number of tuberous plants investigated by Stahl
in his recent mycorhiza studies, Corydalis alone is found to be without fungi.

his second paper Bernard makes the surprising statement that it is his

*«rf that the tubers of the potato are essentially galls and due to fungus
m ection. He shows that Fusarium Solani is always present in the tubers,

^ it seems likely that this fungus causes the arrest of the terminal bud and

Inaugural dissertation. Gottingen. 1899. (See Bot. Centralb. 87:235. 1901.)

1

Inaugural dissertation. Erlangen. 1900. (See Bot. Centralb. 87:235. IQOI.)

"Compt. Rend. 132:226-9. 1901.

Compt. Rend. i3I : 626-629. 1900; 132: 355-357- 1901.

*
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the development of hypertrophied tissues, which become filled with stard

The author's experiments, while not yet conclusive, strongly support t

theoretical conclusions, since a decided parallelism is seen to exist between

the amount of tuber formation and the development of the fungus. How-

ever, no cultures entirely free from fungus have yet been made. Berna

notes than when the potato was introduced into France, tubers could not be

produced from seed cultures, presumably because Fusarium Solani did n

then infest the soil.— H. C. Cowles.

Tansley and Chick 21 have made some interesting anatomical studies on

the conducting tissue system of bryophytes. The main purpose of the

investigation was to shed light on the probable origin of conducting tissut

in plants. In general the authors confirm the work of Haberlandt, who

showed that the Polytrichaceae have a more complex conductive system than

some so-called vascular plants. The tracheids of the liverwort Pallavicinia

were studied and were shown to conduct eosin solutions more rapidly than

neighboring tissues, though much more slowly than Haberlandt found to be

true in moss bundles. The rhizome of Polytrichum was found to have

structures resembling the roots of seed plants, viz., a typical endoderm

with suberized walls, a pericycle, and a central cylinder with a triarcb

arrangement of the hydroids and leptoids. It would seem from this that the

rhizome of Polytrichum may well be called a root. The aerial stems were

found to agree with Haberlandt's description. The authors think from the

liverwort evidence that demands for more efficient conduction were first met

by cell elongation and lignification of the walls. This idea is favored

by experimental evidence, as has been often shown. In most mosses

leaf and stem bundles are not connected, indicating a possible double orig

of conducting bundles. Mnium and Bryum show incomplete connect
while Polytrichum and its allies show bundles of hydroids and leptoids pt

meatmg the entire plant, as in ferns and seed plants. In Polytrichum the

»s a hydrome mantle outside the central cylinder of leptome and hydrome,

this respect resembling ferns. The authors think that this outer mantle &
be the downward projection of the leaf bundle, the original stem
being at the center.- H. C. Cowles.

the

bU!

The structural differences between the white and green
.

- i

variegated leaves has been recently noted » The general subject of I

"panachirung"
(perhaps thisterm may be rendered into English as "a"*

cence
) of leaves has had considerable investigation of late. Timpe

13 ""
that the anatomical features are much as noted in the review of Rodng*J

cases

" Annals of Botany i 5 : j^s. I00I .
„ BoT Gaz , ^ . 200 . igol.

* Inaugural dissertation. Gottingen. iqoo. See Bot. Centralb. 85 « 75- ^
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green portions of the leaf. Thin albescent parts are due to a reduction in

palisades and intercellular spaces. The author finds a close relation to exist

between chlorophyll development and leaf thickness, including the develop-

ment of palisade cells ; if chlorophyll stops abruptly in a variegated leaf, the

thin part begins abruptly and palisades cease at once ; if the chlorophyll fades

out gradually, the leaf gradually becomes thinner and palisades gradually

cease. These results and those of Rodrigue seem to throw doubt on Stahl's

theory that palisades are due to the direct influence of light, and relate them
rather to the presence of active synthesis; the reviewer, however, has

observed palisade cells in the albescent parts of many leaves. Timpe finds

that albescent portions of leaves redden more than the green portions ; this

harmonizes well with Overton's conclusions, 24 since the white leaf parts are

found to be rich in tannins and sugars, though poor in starch.

Laurent, 25 discusses the origin of albescence in plants. There are two
types, those coming from spores, and those that reproduce by seed. The
latter type is ordinarily thought to be not responsive to external factors. In

some situations plants which are commonly albescent have green leaves, and
in other situations the reverse is the case. Laurent thinks that some enzyme
intervenes to cause a modification in the distribution of the chlorophyll.

Molisch ** observed that Brassica oleracea acephala becomes albescent
in cold greenhouses in winter, and becomes green again in summer, the

whitening beginning in October and reaching its maximum in February.
The author thus holds with Laurent that albescence may be affected by
external factors. In the case of Brassica the author thinks that temperature
is the factor involved, since warm greenhouse cultures do not show the

phenomenon.— H. C. Cowles.

Items of taxonomic interest are as follows: F. Stephani (Bull.

Herb. Boiss. II. 1:1141. 1901) has segregated a new genus (Cuspidatula) of

liverworts from Anastrophyllum, the 4 species included belonging to the East
Indian and Australian region.— B. L. Robinson (Rhodora 3: 270-276. 1901)
has published a synopsis of the North American species of Euphrasia, recog-

IVilliamsii
and E. Randii from Mt. Desert.)— Theo. Holm (Ottawa Nat. 15 : i75-l83-

Canadian
59~,ngto§Crossopetalae.

l 72. 1 901) has revised certain troublesome species of Solatium of the S. Xanti

vrurn
giving detailed lists of collections.— Helgi JOnsson (Botanisk Tidsskrift

24:127-155. i 9oi)has published an account of the Rhodophyceae as the

rst of a ser'es of papers on the marine algae of Iceland, 2 new species

94 Bot. Gaz. 27 : 491. 1899. *s Bull. Soc. Roy. Bot. Belg. 39 : 6-9. 1900.

Ber. deutsch. bot. Gesell. 19: 32-34. 1901.
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being described.— Jo

ifKoh Chans: (Gulf of Siam ,. W
tributing the fresh water Chlorophyceae (121 spp., 9 new), Th. RElNBOLDthe
marine algae (62 spp., 2 new), M. Gomont the Myxophyceae hormogoneae

being a new genus.

J

Wash
Harrimanella

• <

C. stelleriana DC. and C. hyPnoides D. Don, and Arcterica, containing C.oij-

coccoides Gray.— P. A. Rydberg (Bull. Torr. Bot. Club 28 : 605-643. iQOl)

has published a monograph of the American species of Limnorchis and

Piperia, both genera having been separated by him from Habenaria, in the

former genus 24 species being recognized (5 new), and in the latter 9

new).— G. E. Osterhout {idem 644-645) has published new species of

Linum, Mentzelia, Artemisia, and Agoseris from Colorado.— A. Engli

Jahrb

W
species, a new genus {Stenadenium Pax) of Euphorbiaceae.— Rudolf Wag-

ner ((Esterr. Bot. Zeitsch 51 ; 465. i 9ot) has described a new genus (C#
chlaena) of grasses from Madagascar, of the tribe Arundinelleae.-J. M.C

ihomas 2
? has made a comparative and experimental study of subter-

ranean leaves or scales. They correspond morphologically to sheaths, pet

oles, or leaf blades, and in all cases differ widely from their morphologic

omologues. This divergence is particularly great where scales correspon

to leaf blades, the palisades, lacunae, bundles, mechanical cells, and ep

dermal cuticle being much reduced or absent. When "
'

""

whose

le

made to grow in the soil, leaf primordia develop into structures «

anatomy IS l,ke that of scales; leaf blades are reduced, petioles are

reduced, or sometimes even greatly enlarged as in Trifolium, chann
petioles change to flat organs, collenchyma and bundles are reduced, t

parenchyma .s more compact and with polygonal, instead of rounded c

t he upper epidermal walls are less cutinized, and the lower walls more en

mzeel, than m normal leaves, stomata are entirely lost, palisades and a'

spaces are reduced, and reserve foods are stored in abundance. Whensub-

erranean branches are made to grow in the air, scale primordia develop fc*

eaves stomata appear, palisades, vascular tissues, and air spaces are more

fully developed.

;ale

ba;

Some very interesting conclusions are drawn by the author. Tbe

i 'T Z a
^ m° rPhol°Sical equivalent of the leaf part nearest the

;,
" e

,
de m a sessile leaf, the petiole or sheath in a petioled leaf,

changes observed are quite different from the effects of mere darkness '

are they to be attributed to arrested development, since they differ **
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from early leaf conditions. The reductions in palisades, air spaces, bundles,

and collenchyma are analogous to conditions in young leaves, or to leaves

grown in the dark (though the reduction is more complete in the soil); but

the entire loss of stomata, the great development of reserve foods, and the

strong cutinization of the lower epidermis are without a parallel in other con-

ditions than those furnished by a sojourn in the soil. In some cases, notori-

ously in Lysimachia vulgaris* palisades appear in all conditions, even in leaf

primordia while still in the bud and four or five centimeters below ground.

The author consequently inclines to agree with Pick that palisades are due to

hereditary influences, and that their direction only is determined by light.

Thomas also thinks that the changes produced in soil conditions are in

direct response to the new needs which arise there.— H. C. Cowles.

Strasburger,28 in a very comprehensive paper, has taken up the whole

subject of protoplasmic continuity in plant cells. He proposes the term

Plasmodesmen for the connecting fibers. Among others, new observations

are figured and described for Viscum, Pinus, Phytelephas, Nerium, the sieve

tubes of Wistaria and Vitis, leaf cells of mosses, and the cells of grafts of

Abies and Picea. But the paper is devoted fully as much to a critical

r£sum£ of the literature as to the recording of new observations. To reca-

pitulate all the points made is plainly impossible in a brief review, and only

a few of the most important will be mentioned. Kienitz GerlofF s view that

the Plasmodesmen do not originate in the fibers of the central spindle is con-

firmed, and they must hence arise secondarily after cell division, but the

question as to just how and when they are formed is left unsettled. Figures
are given from Pinus and Wistaria confirming the prevalent belief that the

thicker connecting strands of the sieve tubes originate as Plasmodesmen. As
to the functions of Plasmodesmen, Strasburger confirms Gardiner's view,

that in the endosperm of Tamus they serve to transport enzymes. In the

medullary rays of Abies they may serve to transport proteids. That proto-

plasmic streams in general, however, pass through the fibers, or that they

serve, for example, for the withdrawal of protoplasm from the leaves in the

fell, is shown to be entirely unproved. The importance of the Plasmodes-
nen for transmitting stimuli and for the normal development of organs is

s own by a number of very interesting observations and experiments. Com-
pete plasmolysis results in the withdrawal of the Plasmodesmen from their

Pores in Mnium. Though when washed out the plasmolyzed cells again

Press upon the cell walls, the Plasmodesmen are not reestablished, and the

tissue, although it may live several weeks, develops no further and ultimately

»es. Plasmolyzed root tips of Vicia Faba cannot afterward react geotropic-
a

y- This may be due to the loss of the Plasmodesmen, or to injury of the

Ueber Plasmaverbindungen pflanzlicher Zellen. Jahrb. wiss. Bot. 36 ! 493~6 10 -

pis. i4-i5% i goi
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young cell walls. The existence of Plasmodesmen between the symbior

cells in grafts of Abies and Picea is shown conclusively. Such facts asthata

grafted shoot does not produce roots at its base, and that a grafted lateral

twig may bend up and replace a lost central shoot, are doubtless due to

morphaesthesia, the stimuli being transmitted through the Plasmodesmen of

the graft. The question as to whether the Plasmodesmen involve continuity or

only contact of fibers sent out from adjacent cells is fully discussed, but owic

to technical difficulties the facts in the case remain undiscovered.— * * *.

Hugo Miehe 29 has recently investigated certain cases of nuclear migra-

tion in the epidermal cells of some monocotyledons. The fact of the polarity

of the epidermal cells that form stoma mother cells had been established b

the researches of Strasburger,30 and more recently by those of Miehe 31 him-

self. Miehe now finds that by subjecting leaves of Allium Cepa or Hyacin-

thus orientalis to a great centrifugal force (2500 X gravity), with the basal

ends of the leaves directed outward on the centrifugal machine, the polarit

of the cells is exactly reversed, i. e., the stoma mother cells are formed i

the basal rather than in the distal part of the epidermal cells. By making

stationary the tips of some leaves, to the bases of which small parts of the

bulbs were left adhering, and allowing them to grow for some time under

favorable conditions, the consequent change in the direction of cell growth

produces a corresponding change in their polarity. Miehe thinks that the

direction of cell growth is the important factor in determining the position of

the stoma cell under ordinary conditions.

Perhaps the most interesting part of the paper, however, is the account

of the migration of the nuclei from cell to cell, a process that Miehe found

to occur as a response to the stimulus produced by wounds. In such case

the nuclei migrate toward the wounded cells, and when they come near tb

cell walls put out fine processes that protrude through minute pores in th

wall. The whole nucleus passes through such a pore and forms a dense

mass on the opposite side of the wall. From the fact that in material killed

and
1readynucleus (including the pointed processes and the part that has a

passed through the wall) stains red, while the less dense part stains

Miehe supports Fischer's contention that differentiation in staining is *
largely to differences in physical rather than chemical structure of the various

^Ueber Wanderungen des pflanzlichen Zellkernes. Flora 88 :
105-142- Pl U>

1901.
I

Ein Beitrag zur Entwickelungsgeschichte der Spaltoffnungen. Jahrb.
*»

Bot. 6:301. 1866.

3*Histologische u. experimentelle Untersuchungen uber die Anlage der bp^

offnungen einige Monokotylen. Bot. Centralb. 78 : 321, 353, 385. 1899-
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bodies. Both the enucleated and multinucleated cells formed by the migra-

tion of the nuclei generally die. The neighboring cells then grow into the

region thus left vacant. The nuclei generally wander to that part of the cell

wall where it is growing most rapidly.

The paper constitutes a very suggestive contribution to a comparatively

new field in physiological research. All the material experimented upon

was

with the triple stain. Such a combination of experimental and histological

technique is to be commended as a method by which in many cases more

accurate results in the study of the physiology of the cell may be acquired

than by the use of either method alone.— H. G. Timberlake.

Teodoresco 32 has published some valuable organographic results that

should have been noted sooner. The topic of the first paper is the influence

of different luminous radiations on form and structure, and the author makes

general conclusions of a very satisfactory nature. He finds that in all cases

blue light acts most like white light, and green most like the dark, while red

light is intermediate. For example, leaves show a maximum of surface in

blue light, and a minimum in green, while stems elongate most in green light

and least in blue. Some leaves (as in the Crassulaceae) and most petioles

agree with stems. Petioles that elongate most in blue light elongate more

in white light than in the dark. Palisade cells, chloroplasts, conductive

cells, and bark develop best in blue light, least in green. Some roots elon-

gate more in white light than in the dark, of others the reverse is true, while

still others are neutral. Blue light, as compared with green light also shows

roots to be of three classes. The author holds that blue light increases syn-

thetic energy as compared with red or green light.

The second paper 33 treats of the indirect action of light on stem and leaf.

The author grew plants wholly in the light, wholly in the dark, and partly

«a the dark, hoping to settle as between the view of Sachs that leaves can

develop fully in the dark if well nourished by means of other leaves in the

%ht, and the view of Frank and others that light has no such indirect influ-

ence. Most experiments confirmed Sack's well-known investigations, leaves

growing to a greater size in the dark if other leaves on the same plant were

m the light
; the leaves were also thicker, and the bundles, mechanical tis-

sues, palisades, and epidermis more developed than on plants wholly in the

dark. The stems were longer in partly lighted plants than in either of the

other cases, thus agreeing with Sachs. In several lianas, however, Teodoresco
finds with Frank that indirect light differs in no respect from total darkness.

a third paper** Teodoresco gives the results of his studies on theIn

Attn.Sci Nat. Bot. VIII. 10 : 141-263. 1899.

^Rev. Gen. Bot. n : 369-397, 430-435- 1899.
34 Rev.G£n.Bot.n: 445-470. 1899*
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influence of carbon dioxid on form and structure. Plants were grown i

atmospheres almost without carbon dioxid, also in atmospheres containing

about 2 per cent, of this gas. Marchantia cultures with but little cartx

dioxid showed great reduction in the width and length of thallus, as com-

pared with normal plants; no gemmae were formed, neither the character-

istic algoid chlorophyll tissue. Air spaces and chloroplasts were much le.

abundant, but the colorless parenchyma developed normally. The resi

are almost exactly those of weakened light. In seed plants Teodoresco fim

that so long as seedlings are using reserve foods carbon dioxid retards ster

elongation. In older plants carbon dioxid favors the elongation of stem

the enlargement of leaf surfaces, and the rich development of bast, woot

palisades, and air spaces.— H. C. Cowles.

Several papers have appeared which add considerably to our knowledge

of the physiological ecology of chlorophyll and carbohydrate synthe-

Among these the most important are by Griffon. The first paper 35 deals chid

with the relations between color and the synthesis of carbohydrates. Griffofi

shows that, although a general ratio exists between the amount and color ot

the chlorophyll and the amount of C0 2 which is broken up, in many case

the chlorophyll present is no measure of the chlorophyll function ;
for exar

pie, in alpine plants the synthesis is greater and in halophytes it is less than

the amount of chorophyll would lead one to expect. This result confirn

the previous work of Bonnier, and is contrary to the view of Pfeffer.

some green half-parasites and symbiotic saprophytes the gas exchanges

associated with respiration are actually greater than those associated wi

carbohydrate synthesis. The significance of these results is not clear, b

the author holds that differences in the cell structure of the chlorenchytna

explain some cases. Perhaps the most rational theory, however, is that there

are several varieties of chlorophyll, some possessing active synthetic po*^

and others not; this view agrees with recent spectroscopic studies by £*ar

who claims to have found a large number of varieties of chlorophyll,^

sometimes two or three in one plant species.

Another interesting set of results has to do with the influence of co *

other than green on the synthetic processes, Stahl, Pick, and others have
|

that the red anthocyan colors favor synthesis, whereas Jumelle and Jonss -

have held that they retard it. Griffon thinks that they have no influe

^
whatever. Although red leaves commonly do less chlorophyll work «

green leaves in related species, this is due to the generally smaller anioun

of chlorophyll in red leaves. Red leaves rich in chlorophyll are as active -

green leaves of the same or similar species. Nor does the author reg '

anthocyan as prejudicial in chlorophyll formation, even though red leaves are

35Ann. Sci. Nat. Bot. VIII. 10:1-123. 1899.
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frequently poor in chlorophyll. Griffon agrees with Overton 36 that the autumnal

colors are due to excessive carbohydrate concentration in the chlorenchyma.

He also holds with Bonnier that the synthetic power of xanthophyll is rela-

tively inconsequential. The influence of various external factors on carbo-

hydrate synthesis is well presented but must be omitted here, except to state

that Griffon finds that chlorophyll formed in the dark (as in conifer seedlings)

acts normally. In this connection it may be noted that Bouilhac 37 has found

chlorophyll in Nostoc by spectroscopic tests and has succeeded in observing

the formation of chlorophyll in this form in the dark, when it is fed with

carbohydrates, such as glucose. Griffon thinks that the development of

chlorophyll in the dark is in all cases associated with a supply of reserve

s.

In his second paper 38 Griffon measured the amount of carbohydrate syn-

thesis in solar light which has traversed one or more leaves. That certain

light rays are cut off in traversing leaves is well known, but few previous

attempts have been made to measure synthesis. Nagamatz used the starch

method, which is now known not to be accurate. Griffon uses the gas

method, and finds that active synthesis takes place in the second leaf even

where light has traversed a thick and densely green leaf like Hedera or

Lauras
; in the case of such plants, where a leaf is shaded by two leaves,

respiration commonly exceeds synthesis. The synthethic energy of the

second leaf varies, according to differences in amount of chlorophyll and

chlorenchyma, and to undetermined factors (probably specific chlorophyll

differences), between one-half and one-forty-eighth of that in the leaf which

receives unmodified solar rays. In diffuse light the synthethic energy of the

second leaf is of course still less. To summarize, respiration generally

exceeds synthesis where light has traversed two leaves in the sunlight or one
leaf in the shade.

Lmsbauer 39 has investigated the transparency of a number of leaves with
the use of Wiesner's photometric methods. Only the more refrangible rays

Were studied. Leaves vary widely in the amount of light that they transmit,
sun leaves of Cytisus and Cornus transmitting only 0.0003 of the light offered
them, while shade leaves of Fagus transmit 0.02. In general, shade leaves

transmit much more light than do sun leaves. The same species and even
the same leaf (as N.

J. C. Mtiller showed) shows wide variations, the shade
«a of Cornus transmitting seven times as much light as the sun leaf; per-
aps these differences are due in part to variations in the amount of the

Rev. Gen. Bot. 12: 209-223, 272-288. 1900.

"Bot.Gaz. 27 : 49I . i8w#
*Comp. Rend. 126:1583-1586. 1898.
39 Bot. Centralb. Beihefte 10 : 53-89. 1901.
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products of synthesis which are present. The white portions of variegated

leaves absorb much more light than does the chlorophyll alone.

Reference has been made previously 40 to the work of Goldflus who found

an amount of synthethic energy in the chlorophyll layer underneath the cork

of trees that is surprising in the light of the experiments of Griffon and Lin*

bauer, as noted above.— H. C. Cowles.

Onion smut 41 and grape rots 42 are the subjects of two bulletins from the

Ohio Experiment Station. The smut of the onion is able to penetrate the

young plant only while leaving the seed or very soon thereafter. As it h:

no effect upon the sets, it is perfectly safe to put the latter into an infected

field, if they have been grown in a seed bed free from smut spores. In cer-

tain parts of Ohio where growing sets from seeds is practiced, the loss fro

smut has amounted to 25 to 40 per cent., and even more, i. e. y
to 100 to 20c

or more bushels of sets per acre. Preliminary experiments go to show that

by sprinkling the seeds, after they are scattered in the rows, with a solut

of 1 oz. of 40 per cent, formalin in 2 to 3 gallons of water, until *

moistened, and then covering with earth, the loss from smut is very great

diminished. Ground burnt lime applied in the usual manner at a rate ot i
:

bushels per acre is also recommended as worthy of trial. Further expe.

ments are to be undertaken to determine the commercial value of these trea

ments.

The grape rots causing the most damage in Ohio are white rot(U

thyrium diplodielld) and black rot {Laestedia bidwellii). The former seems

not to have been well distinguished from the latter, which may account w
paucity of the literature on the subject. It is less amenable to treats

possibly from the fact that it is at its maximum almost immediately prec

ripening of the grapes, at a time when Bordeaux mixture and the morep

manent fungicides cannot be used for fear of decreasing the market va

the fruit. It is only by constant spraying, beginning before the flower

open, and continuing as close to the maturity of the grapes as possi

least eight or nine sprayings a season, that the best results can be obtain

the grape regions of Ohio.— Ernst A. Bessey.

*>Bot. Gaz. 31 :44c 1901.

4i Selby, A. D.: Onion smut. Preliminary experiments. Bull. Ohio h&
Sta. 122 : 71-84. Jigs. 1-4. December 1000. Wooster.

42 and Hicks, J. F.: Grape rots in Ohio, Experiments in the preven.

grape rot. ibid. 123 : pp. 85-102. figs. 1-3. January 1 90 1.



NEWS.

Dr. EUGEN Warming has been appointed director of the Geological

urvey of Denmark.

Dr. Bradley M. Davis, of the University of Chicago, has returned to

his work from a stay in Paris.

An excellent portrait of the late Thomas Meehan was published in

Mteharis Monthly for December last.

Dr. E. B. Copeland, formerly of the University of West Virginia, is

engaged in research work at the University of Chicago.

The distinguished mycologist, Professor Robert Hartig, director of

the Botanical Institute of Munich, died October 9, 1901.

We learn through Science of the recent death of Professor Miguel

Colmeiro, director of the Botanical Garden at Madrid, aged 86.

^S Josephine E. Tilden, of the University of Minnesota, has just

returned from a brief winter exploring trip on the Vancouver coast.

M. Durand has been appointed director of the Botanical Garden in

Brussels, in place of M. Cr£pin, who has resigned because of ill health.

Dr. Charles
J. Chamberlain, of the University of Chicago, is spending

the current academic year in Europe, chiefly at the University of Bonn.

Professor Wettstein of Vienna has returned from his Brazilian trip

»d reports that he has secured valuable collections from hitherto unexplored

regions.

Dr. John G. Coulter, formerly of Syracuse University, has been

appointed professor of botany in the Manila Normal School, Philippine

islands.

cal

burg

and

The director of the Botanical Survey of India has projected a series of

regional floras ; the first of these, dealing with the Bombay presidency, has
lust h^n u. 1 », .

°M been issued.—Nature.- - » m - ** w

The Society for Plant Morphology and Physiology held its fifth annual

presidency

1902]

January 1, under the

85
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Benjamin H. Smith has been elected director, John W. Harshberger

recorder, and Stewardson Brown curator of the botanical section of the

Academy of Natural Sciences of Philadelphia for the ensuing year.

Professor F. Lamson-Scribner, chief of the Division of Agrostology of

the Department of Agriculture, has been given charge of the Bureau of

Agriculture to be organized in the Philippines. He will sail with his family

February I.

—

Science.

Mr. K. Fujii, assistant in botany in the Imperial University of Tokyo,

has been sent by his government to Germany for three years' study in mor-

phology and cytology. After stopping for a brief visit to the botanic

laboratories of the University of Chicago, he left directly for New York and

sailed for Germany.

Mr. D. G. Fairchild, who is government expert in plant introduction,

is on his way to Ceylon and southern India, expecting to return to China

during the summer. He is seeking to discover useful plants that may be

grown in America. It is an interesting fact that Mr. Bryan Lathrop, of Chi-

cago, who is responsible for these excursions, occupies the unique position ot

a man who is spending his money to assist his government in botanical wort.

The naturalists of the central states at their recent meeting in Chi-

cago determined to form a permanent organization, and a committee of W
was appointed to suggest a plan of organization, to confer with a simiar

committee of the American Society of Naturalists regarding the relationship

between the two societies, and to report at the next meeting of these organi-

zations, which is to be held at Washington in January, 1903. The committee

include two botanists, Dr. J. M. Coulter and Dr. William Trelease.

Mr. Elam Bartholomew, Stockton, Kansas, has assumed the editor-

ship and publication of Ellis and Everhart's Fungi Columbian. Even

effort is promised to make this continued publication of high scientific 1

There will be no "a," "b," and "c" packets, but a given species occurru

on two or more hosts will in each subsequent issue constitute a new mini
•

It will be considered allowable in some instances, in order to show eco0
^

variation and geographical distribution, to reissue a species on the same

when it comes from widely separated regions. It is expected tha

centuries will be issued each year, each issue being limited to seventy cop

and the subscription price being $6.00 a copy unless some previous con

has been made.

The following persons have been appointed American editors o

reorganized Botanisches Centralblatt : D. H. Campbell, morphology; '

Chamberlain, cytology; D. T. MacDougal, physiology; G. T. Moore, ag
^

D. P, Penthallow, paleontology; H. von Schrenk, fungi; WilIiam
ffl3)

'

phanerogams. In order that the work of the American board of e I
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is

be properly coordinated Professor Trelease has been asked to act as chair-

man of the editorial board with the assistance of Dr. von Schrenk as general

secretary. The central position of St. Louis and its excellent library and
exchanges recommend it as the place most suitable for the editorial head-
quarters.

The British board of editors is as follows : Miss Edith Barton, algae;
George Massee, fungi ; Anthony Gepp, archegoniates ; B. Daydon Jackson,
phanerogams;

J. Bretland Farmer, cytology; S. H. Vines, physiology; W. H.
Lang, morphology, D. H. Scott, paleontology.

W I note the following list of calls or promotions from the American
haturalist: Dr. Lujo Adamovic, known for his excellent work in phyto-
geography, to be professor of botany and director of the Botanical Garden at
Belgrade

;
Dr. A. H. R. Buller to lecture in botany at the University of

Birmingham; Dr. Frederic E. Clements to an adjunct professorship in
botany at the University of Nebraska ; Mr. George H. Lyman to be
professor of botany at Dartmouth College, in place of Dr. G. T. Moore, who
- now with the Department of Agriculture ; W. J. Palladin, the well-known
physiologist, to be professor of physiology and plant anatomy at the Uni-
versity of St. Petersburg ; Mr. John J. Thornber, formerly associated with
te Botanical Survey of Nebraska, to be professor of botany at the University

a
,

dr. Oscar Uhlworm, who has for so many years been associated
wtn the Botanisches Centralblatt, to be librarian of the Royal Library, Berlin,
a so chief of the German Bureau for International Bibliography.

held

" F THIRD annual meetin# of the botanists of the central states was

J
at the Hull Botanical Laboratory of the University of Chicago, Decem-

effect'eT

^anUary 2
'
inclusive- Since there has been as yet no organization

Mor°

C

h

C WaS DO comPlete independent registration of the botanists,

anc iT
°rt

^
professional botanists, however, were present, and attend-

ee at the sessions varied from fifty to eighty. Even during the last hours,

were
' ^ CXpected that many w°ul <* have left the city, more than fifty

t"niversT

ent
'
Am°ng the institutions represented were the following

:
The

I a"^
°f C°lorado

'
Francis Ramaley

; the University of South Dakota,

Lvnn .**T? ; the UniverS'ty of Minnesota, Conway MacMillan, H. L.

when

L)'°n
; the Uni

Allen •

Bel

rSUy °f Wisc°nsin, R. A. Harper, H. G. Timberlake, C. E.

1 v ,'

e01t CoIlege. H.G. Densmore: State Nnrmal School. Milwaukee,V \f 1 1 ,
&-. "-u. uensmore; State JNormal bcnool, iviuwauKee,

}' «. Mitchell • tv.« tt • •

versity B
University of Iowa, T. H. Macbride ; Upper Iowa Uni-

^arlei Th"
F 'nk

'' Parsons College, F. D. Heald
; the University of Missouri,

Illinois T Til
M 'SSOuri B°tanical Garden, William Trelease ; University of

we»i I'llin r
11

' C
"
F

*
Hottes; Illinois State Normal School, O. W.Cald-

8011 ' N
T

orth

,S egC
' * B

- 0verton ; Blackburn University, Charles Robert

lotiier c

W
?

tern C°llege
'
L

' M - Umbach; University of Indiana, D. M.
•
A. King; Purdue University, Stanley Coulter; University of
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Michigan, F. C. Newcombe, J. B. Pollock, H. S. Reed ; Michigan Agric*

tural College, C. F. Wheeler; University of Ohio, E. E. Bogue; Obe-

College, F. O, Grover; Alabama Polytechnic Institute, E. M. Wilcox; Fietf

Columbian Museum, C. F. Millspaugh; Northwestern School of Pharraac

Albert Schneider; the University of Chicago, J. M. Coulter, C. R. Barnes,

B. ML Davis, H. C. Cowles, B. E. Livingston, W. J. G. Land, H. N. Whitfor

J. M. Westgate, C. D. Howe, G. H. Shull, F. M. Lyon, T. G Frye.LM.

Snow, M. E. Mathews, G. E. Yocum, G. M, Holferty; E. B. Copeland, and

unattached, E. J. Hill. The program of papers was very full. A list of

these and abstracts, so far as furnished by the authors, will be published a

Science. Thirty-two botanists participated in the annual dinner of the Am

can Society of Naturalists at the Auditorium Hotel, Wednesday, Januar

The third report of the committee appointed by the Society for Plant

phology and Physiology to secure better reviews of botanical literature was

sent by the chairman of the committee to be presented simultaneously ifi

the botanists of the central states. Printed copies were distributed

full verbal explanation of the plans regarding the new management of t&

Botanisches Centralblatt was made by Dr. Trelease. The meeting express

its appreciation of the courtesy of its eastern confreres in sending cop

the report. On Thursday morning it was decided to form a permac

organization and a committee consisting of Messrs. Coulter, Mottier, ar

MacMillan was appointed to formulate plans for organization and to prest'

them at the next meeting. It was voted that the next meeting of the ce

botanists should be held in Washington, D. C, in connection with the flu

ing of the American Association for the Advancement of Science and

American Society of Naturalists.
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gressive Sunday-school teacher, and the thinking
layman.

THE SCHOOL REVIEW
Published monthly except in July and August. Subscription

price, .n the Umted States, $1.50 a year; foreign, $2.00:
single copies, 20 cents.

'

So adequately has the School Review served the
interests of high-school and academy work that it
has come to be recognized as the official organ of
secondary education in the United States. It is
devoted exclusively to this field, is progressive,
practical, and helpful, and is indispensable to every

THE BOTANICAL GAZETTE
***&**«*• Cooxter, Published monthly, with illus-trations. Subscription price, in the United States SU ona year; fore.gn, $4.50; single copies, scents.' *4'

The Botanical Gazette is an illustrated monthly
journal devoted to botany in its widest sense. Formore than twenty years it has been the representa-
tive American journal of botany, containing contri-butions from the leading botanists of America and

THE AMERICAN JOURNAL OF SOCIOLOGY
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PUt>UShed in Ge™rrencn, and Latin, as well as in English.

THE JOURNAL OF GEOLOGY
Edited by T. C. Chamberlin. Published semi-quartfl|

illustrations. Subscription price, in the United Sta*

a year; foreign, $3.50; single copies, 50 cents.

Devoted to the interests of geology and the

sciences, and contains articles covering a wide

of subjects. Adapted to young geologists, ain

students, and teachers.

THE ASTROPHYSICAL JOURNAI
Edited by George E. Hale. Published monthly,*;

February and August, with illustrations. »
price, in the United States, $4.00 a year; foret^

single copies, 50 cents.

An international review of spectroscopy a*

tronomical physics. Invaluable to allwao*

terested in astronomy and astrophysics.

THE JOURNAL OF POLITICAL ECOffO*

Edited by J. Laurence Laughlin. ^Wished£
Subscription price, in the United States, $3.00»P
eign, $3.40; single copies, 75 cents.

This publication promotes the scientific tt*

of problems in practical economics, and

tains contributions on topics of theorei

speculative interest.

THE AMERICAN JOURNAL OF TH«J

Edited by the Divinity Faculty of theUnive^y^^
Published quarterly. Subscription price,mm ^
$3.00 a year; foreign, $3.50; single ***<*>".
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theological thought represented by speci
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ftbc TUntversitE of Chicago press
Contributions to Education

ByJOHN DEWEY, Professor and Head of Department of Philosophy in the University of
Chicago, and ELLA FLAGG YOUNG, Professor of Education in the University of Chicago

HE series as a whole aims to effect the union of educational theory and practice in distinction

from vague enthusiasm, loose exhortation, and abstract theorizing. It endeavors to bring the

discussion of actual school practice to the test of the fundamental principles involved. These
principles are derived from modern psychology and social philosophy, and are stated in a simple and
non-technical manner. The series will bring its readers into touch with what is vital in contemporary
educational philosophy

I2mc, paper. Price for series on one order to same address, net, $i.jo postpaid, $1.75

No. 1. ISOLATION IN THE SCHOOL By Ella Flagg Young

« .
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^ruai or moral iniative on the part of the teaching corps and the functions that would then be performed
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r.
ce - Organization is treated not as an external arrangement, but as the fulfillment of

andS- ,nteuectual, and moral conditions. While much has been written concerning the details
metnooism of school organization, it may be doubted whether any such thoroughgoing discussion has
n given to the public as that contained in Professor Young's contribution. It is anticipated that the

«*>* will give a point of departure for future discussions.
/// pages, i2tno, paper, net, jo cents postpaid, 55 cents
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tion n«^~!u OW*** the psychological and the social ideals of education to each other, it is shown
necessary they are to each other.

& P*?es, i2mo, paper , net, 25 cents postpaid, 28 cents

No. i^ms EDUCATIONAL SITUATION By John Dewey
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;
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h is a sumi^l remands and responsibilities and the nature of the readjustment thus made necessary.
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BUCKEYE CAMERAS
ARE LOADED IN DAYLIGHT WITH CARTRIDGE FILM

No

No. 2

No. 3

No. 4

Buckeye, 3% x 3% ; 6 Exposure Film . . J5.00
Buckeye, 4x5; 6 or 12 Exposure Film . . 8.00

Folding Buckeye, Z%x\%; 6 or 12 Exposure Film 15.00

Fold : Buckeye, I x 5 ; 6 or 12 Exposure Film 20.00
Stereoscopic Folding Buckeye, 3% x i% . . 25 00

We recommend NEW AMERICAN FILM for hand-camera work

CAMERAS of all

PHOTOGRAPHIC Catalogue Free

STYLE 4404,

Came with the 20tk Century

and is the culmination of the combined
skill of artist and artisan. directs tn

this end for nearly fift

pecially designed for

es-

churches,

use in chapels

We have many

needs.

BOSTON. NEW YORK CHICAGO.

Camera

World

'

WAS CONSTRUCTED ESPECIALLY
BY ORDER OF THE

MA.

SEND
O. P.

H.WA.Y, TO PHOTOGRAPH
THE ALTON LIMITED.
2C. STAMP TO GEO. J. CHABT, '

., C. * A. RAILWAY, CHICAGO^
RECEIVE AN I^^8TKA

,

TB ° £
WITH FULL ACCOUNT OF

tf
EXPOSURE MADE WITH

BARGAINS IN VIOLINS
An opportunity
to get a fine In-

strument very

low. Students
v i o 1 ins (dated

r00—1830) from
fcoO up. Concert
instruments by
the old masters,

in fine preserva-

tion, from •««»
np. Note these

few examples:.
Testore l'W,

tl50;Grancinp, ^^ j
-,

•200; Preesenda, #200; GabnellU *
fa
^ f£

• 125; OldStrad copy, *100, andmay^
magnificent Stradivarius, gaarnernjB ana ^hjj

low. Send for our beautiful catalog oi^j
<Free). Contains h istorical sketch^of^£?i . f

of Cremona and Brescia from ^i\iofotf«S2
facsimile labels, also a descriptive ii|*

c0gtiBg ftj

possessing the pure mellow wne,
J« . Geafll*2
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Field of Oidtaary Binocular. Field of S'ltKhU Binocular

Bausch 4 Lomb=Zeiss

STEREO Binoculars
Are used by the armies and navies of the great
nations, by up-to-date tourists, sportsmen, yachts-
ron, ranchmen, because they are the most perfectw

optically and mechanically, have
immense field of view, power,
and give, as no other glass does,
a STEREOSCOPIC image.

Bausch 4 Lomb Prism Binoculars
Stand next in excellence. Cost less.

descriptive booklet mailed on request.
SOLD BY ALL DEALERS.

Bausch & Lomb Optical Co.
York ROCHESTER, N. Y. Chicagi
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Bausch 4Lomb
Plastigmat f-

The Perfect Photo Lens, as the above picture made

with it shows, is fast enough for the fastest work,

and in addition, has the proper length of focus for

the best pictorial results, the highest optical cor-

rections and either combination may be used separ-

ately for long distance or portrait photography.

Booklet with five difficult pictures mailed free.
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Bausch 4 Lomb Optical Co*

New York ROCHESTER, N. Y. Chicago
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ONG O F NATURE
Edited by JOHN BURROUGHS

"The fitness of things is admirably illustrated in this work of John Burroughs, who has compiled an
anthology of nature poetry by the direction of his own taste. The publishers desired that that book
should savor of the author's taste. The author has therefore chosen those poems which he considers true

to nature and avoided fanciful allegorical representations. The reader who scans the whole collection wiH
teel that not one of the number is more admirable than those which have been too sparingly contributed
and which were written by the editor himself. The work is a beautiful souvenir and finely producedby
the publisher."-^ Angeles Times.
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Walker Prizes in Natural History

V the provisions of the will of the late Dr. William Johnson Walker two

prizes are annually offered by the Boston Society of Natural

History for the best memoirs written in the English language on subjects

proposed by a Committee appointed by the Council.

For the best memoir presented, a prize of sixty dollars may be awarded
;

if, however, the memoir be one of marked merit, the amount may be increased

to one hundred dollars, at the discretion of the Committee.

For the next best memoir a prize not exceeding fifty dollars may be awarded.

Prizes will not be awarded unless the memoirs presented are of adequate

merit.

/<

Attention is especially called to the following points :

*• In all cases the memoirs are to be based on a considerable body of

original and unpublished work, accompanied by a general review of the litera-

ture of the subject.

2. Anything in the memoir which shall furnish proof of the identity of

the author shall be considered as debarring the essay from competition.

3- Preference will be given to memoirs showing intrinsic evidence of

being based upon researches made directly in competition for the prize.

4- Each memoir must be accompanied by a sealed envelope enclosing
the author's name and superscribed with a motto corresponding to one borne

)" the manuscript, and must be in the hands of the Secretary on or before
v pnl 1st of the year for which the prize is offered.

SoijiCTS FOR 1902:

I.

2.

Nuclear fusions in plants.
I he fate of specific areas of the germ of Chordates, as determined by

,0C** destruction.

3- The reactions of organisms to solutions, considered from the stand-

point of the chemical theory of dissociation.

r-

FOR 1903;

I.

2.

A monograph of any genus or group of Thallophytes
Contributions to the life history of Sporozoa.

GLOVER M. ALLEN i

B<

of Natural History,

Seereta t

B°*ton, MemH U. S. A.
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Botanical Gazette
FEBRUARY, 1902

NOTES ON THE GAMETOPHYTES AND EMBRYO OF
PODOCARPUS.
W. C. COKER.

WITH PLATES V-VIl)

During a visit to Jamaica in the summer of 1900 I took
advantage of the opportunity to make a collection of female

Garden, fh

rPus coriacea from trees cultivated in Castleton

j

1 — — j

is apparently not congenial to this species, for it was afterward
found that none of the ovules had been pollinated. This absence
of pollen tubes, in connection with the fact that it was necessary
t0 fix in alcohol, made the material of little value, and only a
few of the figures are drawn from it.

Most of the results were obtained from collections made in

me and July, 1901, from a male and a female tree grown in

Darlington, South Carolina. The plants were small and scraggy.
oth bore numerous cones, and, though they were separated

5
more than a hundred feet, over 95 per cent, of the ovules

examined were furnished with pollen tubes. I cannot state
positively that these trees are also P. coriacea, as there was no
means of identifying them at the time, and I neglected to bring

vegetative parts to this country. However, as the fruits
seem identical with those collected in Jamaica, it is probable
TOthcy are the same species.

1 ls Unfortunate that the results here given are not more

89
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complete, and they are published with the hope of supplemer

ing them from future collections. The Darlington material w

fixed at the tree in corrosive-acetic (aqueous solution of corrosi

sublimate 95 parts, glacial acetic acid 5 parts), the

being exposed at the sides or removed with the nucellus fro

the integuments. Sections 5 or 10 /x in thickness were made

paraffin, and in the case of the pollen stained in Haidenha

iron-alum-haematoxylin or Flemming's triple. For prothalliu

and archegonium the latter stain was most used ; while v

embryos a combination of Delafield's haematoxylin and saffrar

gave the best results.

Most of the work has been done in the Bonn laboratory

I wish to express here my appreciation of the unfailing kindness

of Professor Strasburger.

THE POLLEN SAC AND POLLEN GRAIN.

Two pollen sacs are borne on the lower surface of ea

sporophyll, as in the Abieteae, but they differ from these

being less sunken in the tissue and in their wider separat

(fig
outer lay

of large cells whose walls are strengthened internally v

thickened bands, and of three or four layers of thin cells win

finally almost completely collapse. Within these is the one-

layered tapetum, which disorganizes during the time that

pollen grains are undergoing their divisions. In fig-
I* s°m

the tapetal cells are shown to contain two nuclei, which is oft

the case. It will be noticed that the microsporangium
wall

here described is very like that of the Abieteae, while it <W

from the generally two-layered wall found in the Cup**
and Taxodium. 1

d:

In the development of the pollen the youngest stage I

was after the separation of the tetrads, and before the first

sion of the grain. The wings have already reached their

size. Ail stages, from the uninucleate to the completely^

IkJ»
AU references to Taxodium, unless otherwise stated, are taken from *V

ofwh^T
°n thC gamet°PMe and embryo of Taxod.um. a short pieUmin-J

wtncn appeared in to* Jokns Hopkins University Circular to:- I**3 "
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pollen grain, were found in material collected from the same

tree on a single day. This does not necessarily imply any

unusual rapidity of development, for pollen was being shed from

this tree for more than a week. As a matter of fact, however,

the divisions in the grain, when once begun, follow each other

in rapid succession, a fact also noted in the pollen of Pinus by

Coulter and Chamberlain (1901). In the same cone undivided

grains may be found at the top and three-celled ones at the base.

It may be stated at once that there are three mitotic divisions in

the pollen grain, forming two prothallial cells, a generative cell,

and a tube nucleus. This noteworthy and rather unexpected

behavior shows that in all essential points the pollen grains of

Podocarpus and of the Abieteae are duplicates, and the peculiari-

ties to be described below do not affect this fundamental agree-

ment.

H is interesting to note here a prediction made by Schacht

as long ago as 1 860. He says :
" Podocarpus, dessen mannliche

Bluthe den Abietineen entspricht, hat auch dieselbe Form des

Bluthenstaubs, der wahrschleinlich in derselben Weise seinen

Pollenschlauch entwickelt." The only other gymnosperm in

which it is established that two prothallial cells are normally

found in the pollen grain is Ginkgo, first figured by Schacht

(i860). In Ceratozamia lofigifolia Juranyi (1870) found three

small cells (presumably two prothallial and one generative)

sometimes present in the pollen grain, although two was the

commoner number. In all other Cycadales investigated only

one prothallial cell has been found. "Schacht found three small

cells in th<= n^iion ~f t:„u^a— .„u:i~ Juranyi (1882)
varying number, in one 'case six nuclei being shown. In Taxus
and the^Cupresseae no prothallial cell has yet been discovered

»n the microspore, and there are none found in Taxodium.
During all of its divisions the pollen grain of Podocarpus is

packed with starch (figs. 1-6), which disappears only just before

the Srain »s shed. I know of no other gymnosperm in which

WW is the case. The first division is shown in fig. 1. A pro-

thallial cell of the usual shape is cut off, but, as in other cases,
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no cellulose wall is formed. The second division folio

promptly, cutting off a similar cell
(fig.

rise to the generative
{fig-

Tfc

spindles of all the divisions are much broader at the protha!

than at the opposite end, as figured by Coulter and Cha:

propoi

tion to the spindle
(fig. j). Not infrequently this spindle

o

the third division was strongly inclined (fig. 6), and in suci

cases the generative cell may be placed in a distinctly excen

position.

The prothallial cells do not promptly degenerate as in

Abieteae, but the second, and sometimes the first also, bell*

in a manner unknown in other conifers and only paralleled

Ginkgo and the Cycads. Both nuclei organize a coarse retic

'

and a nucleolus, and increasing in size become as conspicuou

the generative nucleus (figs, j and 4)* They still remain flatte

and elongated, but their size is such that with the generative
T r\ **\ —— — mfi*

!*«""'

— - •* ^*^v. xj ju^ii mat vtawxx v**~ ~

they may occupy half the diameter of the pollen grain (fg

So far the development of the two prothallial cells has beent

same, but at this point their paths as a rule diverge. The (

Plasm of the second loses its individuality and becomes ind

guishable from that of the tube (or wall) cell, and its nucleus*

from its former position and lies free in the general cytopla

Ihis hwtoiy may be further complicated by the amitotic di

of the nucleus before its liberation (fig. 7 ). In such cases *
wo nuclei generally slip out in different directions and p*

themselves on opposite sides of ^ ative cell (fip-
S a

°l
C*Ses were found, however, where both nuclei had f*

* ,0

^\
Same diction and lay side by side (fig-

9)-
V

« probably the result of an excentric position of the g*
tive cell.

fhat the division just described is amitotic is ?«>\

J onnectmg stages, and by the persistent absence
3
Coulter anA tk— ^ , . . . . ..

red

P

!n^^amberlain ^9°0 figure both prothallial nuclei as
*jW|

«*Hn,him in Pims
tion.
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The nucleus before the completion of its division is often much

drawn out and thin in the center, as if compressed between the

cells above and below. In fact, as the second prothallial nucleus

or nuclei move away, the generative cell sinks down and comes

in contact with the first prothallial cell {figs. J and g). It would

be difficult to state the proportional number of cases in which

the second prothallial nucleus divides ; hundreds of such were

found, and in my preparations they were probably as numerous

as those in which the division had not occurred.

The first prothallial cell seldom develops further than the

fig {.fig'

so slowly that even at the time of shedding it is still conspicuous

fig. 8). But while degeneration is the rule for this cell, not a

few cases were found where, like the second, it had lost its indi-

viduality and liberated its nucleus in the general cavity {fig.

to). The nucleus here shows no sign of degeneration, but is

apparently as healthy and active as its neighbors. In fig. two

nuclei appear in the first prothallial cell. They are surrounded

by dense protoplasm and it is not yet apparent whether they

are to be liberated or are to degenerate. In undoubted cases

of degeneration the nucleus is often found fragmented into three

or more parts.

The generative cell is distinguishable in all cases by its pro-

toplasmic sheath and the structure of its nucleus, which is

always denser than any of the other free nuclei of the grain.

By comparing the figures it will be seen that the prothallial

nuclei after their liberation become much less dense and approach
»n structure the tube nucleus. They remain more dense, how-
ever, than the latter, and are further to be distinguished from it

by their size and position.

The question now naturally arises, how much of this history

described is normal and how much is abnormal ? The fact that

tree from which this pollen was taken was cultivated under
unnatural conditions might lead us to expect abnormalities, and
am inclined to consider as such the fragmentation or liberation

°* the first prothallial nucleus. But the invariable persistence of

I
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the second prothallial nucleus, whether fragmented or not, con-

vinces me that this at least is normal, and that we have in Mo-

carpus a case analogous in this respect to Ginkgo and tl

in the

to folios

This view is further supported by the presence

pollen tube, in the only three cases in which I was able

it throughout, of three small nuclei in addition to the body a

or its products. Figs. 14 and 16, sections from the same polk

tube, show a case of this kind. The absence of early stages

the sprouting of the pollen tube makes a distinction betvret

prothallial and stalk nucleus difficult, but their positions favor

the designations given in the figures. There can be little dou

as to the identity of the pollen-tube nucleus (t n,fig. 10).

Juranyi (1870) twice found two nuclei in the tip oft

young pollen tube of Ceratozamia longifolia, but the doubli

may have here resulted from the abnormal conditions, as

tubes were sprouted on ripe pears. Arnoldi (1900, a) figure

extra nucleus in the pollen tube of Cephalotaxus Fortune

very recently Miss Ferguson (1901, <z) found two cases inwbi

the pollen grain of Pinus Laricio still contained three nuclei a

the tube nucleus had passed out.. In the case of Pinus theffl'

probable explanation seems to be that the extra nucleus is

of the second prothallial cell, as in Podocarpus.

Perhaps the persistence of one of the prothallial nuclei

once common in all conifers ; an ancient character which, t

It 1-

a:

that

now generally suppressed, may occasionally appear,

course possible that the particular plant of Podocarpus

which my results were obtained has a peculiar tendency to

^
a reversion, and that the peculiarities of its pollen are not c

acteristic for the species. Whether such is the case only u '

work can determine.

J

THE POLLEN TUBE.

fertilization
^— jmiv ^u, uic uate 01 tne nrst couetuuu, *•— 1

r a fe*

already taken place in the majority of cases, and only ^
undischarged pollen tubes were found. Fig. 12 muS

*f*
body cell before its division, what is probably the stalk n
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lying in contact with it below. Another small nucleus was

present in addition to the tube nucleus. In this case the pollen

tube had reached the prothallium before the archegonia initials

could be distinguished from their neighbors. I have found this

to be also the case in both Taxodium and Taxus, when the pol-

len tubes reach the embryo-sac before the beginning of cell for-

mation. In the Abieteae the tubes reach the archegonia only

a few days before fertilization. On reaching the prothallium

the pollen tube spreads out to an unusual extent. When only

one is present it may cover almost the whole tip of the prothal-

lium and send down short spurs on the sides.

Only two cases were found showing the male cells, but these

leave no doubt that there is only one functional male cell formed,

as in Taxus. Figs. 13-16 are sections through the same pollen

tube, 13-15 being serial. The male nucleus nearest the tip has

appropriated all of the protoplasm, leaving the other thrust

almost entirely out of the cell, and naked on its outer surface.

The difference in the structure of the two nuclei is also marked.

The functional one has the usual structure of the male nucleus
t

in gymnosperms— a very dense, close-meshed linin reticulum,

difficult to stain, which, except in very thin sections, almost hides

the nucleolus. The latter is not shown in the figures, but appears
in another section. In both Podocarpus and Taxodium I can

confirm Miss Ferguson's (190 1, #) statement that there is no meta-

plastic substance in the male nuclei. An irregular nucleolus is

always present. It is the only part of the nucleus that takes

the saffranin stain, and this, together with its evidently

compound nature and in Taxodium its behavior in fertiliza-

tion, convinces me that it is composed of chromatin.
The extruded nucleus shown in fig

ently gone through the same developmental changes as the func-

tional one, but the reticulum has now begun to coagulate, if the
word may be used, into more or less separate clumps, and the
CVI

J;
nces of degeneration are unmistakable.

Tne protoplasm of the male cell consists of a denser inner

Portion »»

Nheath
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which is not at all points sharply distinct from the protoplasm

the pollen tube {fig. 16). There is no starch. Goroschar

(1880) 3 found starch in the male cells of the Cupresseae,

Arnoldi (1900) found it in Sequoia sempervirens

and Taxodium. This I can confirm for Taxodium.
As already stated, the pollen tube was found to contain thr

nuclei in addition to the male cells.

THE FEMALE PROTHALLIUM.

The macrospore arises deep in the nucellus and is not sur-

rounded by "spongy "tissue such as is found in the Abieteae.

Cupresseae, and Taxodieae, and which has so often been erro-

neously described as of sporogenous character. Miss Fergusor

(1901,^) suggestion that the spongy tissue is active in nourish-

ing the prothallium is probably correct ; an interpretation

arrived at from a study of Taxodium.

fig-

Ih

thallium is in the four-celled stage, and at its tip two disorgan

ma
~!

mng cells are found, which are probably the undeveloped
spores, but at this late stage it is not safe to draw any cone!

sion as to their origin. The prothallium is surrounded bye

of the ordinary vegetative type, the innermost of which aredi*

ganizing. The disorganizing cells abut directly on the pro*

bum, which is not the case where a "spongy" tissue is pr*

Stages showing cell formation were not found, but the str*-

rows of cells conspicuous in young prothallia show that the

sue arises in the usual way bv ingrowing tubes. The centr

region first becomes firm,' and in alcohol-fixed material

part remains extended, while the upper and lower buds ma}

much shrunken. At the time of fertilization the prothalh^
reached about two-thirds or three-fourths its full size. &
shows the structure of the prothallium from axis to surface-

the center is a cylinder of very small cells extending
^m.

below the archegonia to near the base. From this row out*

the cells increase rapidly in size and become largest
near

»I have not seen this paper, but take the statement from Arnoldi <I9°°>-
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contain

surface. The outer layer, however, is of an entirely different

character. It is composed of very small, regular, epidermis-iike

cells with dense protoplasm, but almost free from the starch

grains found abundantly in other parts. This layer is absent at

the tip of the prothallium and is not quite so regular at the base.

No such definite layer seems to have been described for other

gymnosperms,* but in Taxus I have found the outer cells to

approach these in character, though not so definitely arranged or
so small proportionately. There is little doubt that these sur-

face cells are specially modified for secretion, and it is worth
noticing that when a spongy tissue is present there they are not
found.

The larger cells of the prothallium, as is usual in conifers,

many nuclei at the time the embryos are formed
{fig. 20),

while those on the surface have generally only one, or sometimes
two.

In only one case were two prothallia found in one ovule

(AT- /p). Neither had formed archegonia, although the seed
had reached its full size. In one of them three or four tracheids
were present

{fig. 20). This will recall the formation of trach-
eids m the prothallia of ferns in cases of apogamy. In no other
case of which I am aware have tracheids been described in the
Prothallium or endosperms of higher plants.

Hofmeister (185 1 ) found two prothallia in the ovule of Taxus
^cata and Pjnus silvestris. He says (p. 127): " Es giebt Baume

aes f
HUS SilvestHs

(
ein solchersteht an einer sumpfigen Stelle

iiTd

PZiger botan 'schen Garten), welche, ahnlich der Eybe,

3h

er Mehrzahl ihrer Eychen zwei Embryosacke entwickeln."*

numb ^ and Atnoldl
(
l899) have found * the rule for a

^ r
.

.'.
° embryo sacs to be developed in Sequoia sempervirens,

found

I

.

I9°°'^^ %ures five in Cunninghamfa, and I have once
two m Taxodium. The case of*Gnetum is well known.

differ so sharo!
^ 6gUreS smaller a"d denser surface cells in Cycas, but they do not

arP y from the adjoining cells below as in Podocarpus."

^rfj-uTv" 1

"

nalsof B°tany 6:213. 1892) in describing two prothallia in Finns
" °°ks this Previous discovery by Hofmeister.
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THE AKCHEGONIA.

The number of archegonia varies from six or seven to abc:

nine or ten. They are separated from each other by oneorm

layers of cells, and all open on the upper surface of the protha.

Hum {fig. 27). In the youngest stage found, the neck cell'

already cut off and had undergone a tangential division {Jig-

In the mature archegonia the neck varies greatly, both in sha:

(figs. 23-26). In one case more tfc.

twenty-five cells were counted (fig. 26), or there may be

two
(fig. 23). Perhaps the most common condition is three t.

of four cells each. Murrill (1900) has described considers

variation in the archegonium neck of Tsuga ; and in Taxo

also there is much variation.

The jacket cells are not so dense as in many other conit

and their nuclei do not go to pieces at the maturity

archegonium, but still retain their shape and structure at

time of fertilization and after {fig. 31). Protoplasmic count

tions between the jacket cells and archegonia were not found,

ay

e

In the position and behavior of the ventral canal nuc.ea

Ppdocarpus agrees closely with Taxodium. No membran

formed separating a ventral canal "cell from the egg celL

nucleus is always closely pressed against the wall of the arc

{fig- 3*
lly

until the fertilization of the egg. Its position varies gre

In fig- 31 it is below the egg nucleus, but it maybep 3
',-

opposite or above it, but always on the lateral wall and *

directly under the neck cells. This retired position has pr

My been acquired to protect the ventral canal nucleus

harm during fertilization, for, as we shall see, it is to **"

further. Both Strasburger (1879) and Belajeff (l893) f
the ventral canal nucleus of Juniperus in a lateral

position-

i9

* Arnoldi (1900, a) emphasizes the absence of such a membrane *»«
rortu net,

7 Arn°ldi (1900, 6) denies the presence of a ventral canal n"cleuSj"
lts
&*

^ryptomeria, Cunninghams, and Sequoia, and even tries to throw doubt
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In archegonia which have reached maturity and failed to be

fertilized the ventral canal nucleus frequently leaves its position

at the surface and moves inward {fig. 28) . It may even come

in contact with the egg nucleus {fig. 29). Such cases might

be interpreted as evidence in favor of the possible fertilization

of the egg by the ventral canal nucleus, as suggested by Coulter

and Chamberlain (1901, p. 98). In fact, however, the evidence

is in the other direction, for though there is never any obstacle

to the free approach of the ventral canal nucleus, and though it

is often found very near the egg nucleus, or even in actual con-

tact with it, in no case was an embryo found in an archegonium

not provided with a pollen tube. In one case both the egg and

ventral canal nuclei had divided amitotically into a large num-
ber of fragments, not half of which are shown in the figure

{fig- 30).

In fertilized archegonia the ventral canal nucleus soon leaves

its lateral position, increases in size, and frequently divides ami-

totically
{figs. j 2t j4i j5f 50y Its reticulum becomes denser

and may approach that of the egg nucleus in character {fig. Jj),
as described by Chamberlain ( 1 899) in Pinus Laricio. The division

°f the nucleus, its large size and healthy appearance, and its

long persistence
{fig. 5o) leave little doubt that its function is

to assist in nourishing the embryo. The persistence of the sec-

ond male nucleus for a considerable time in the upper part of

the archegonium has been described in a number of cases, and 1

am aware that my figures do not prove conclusively that the

nuclei just described do not come from the pollen tube. Degen-
erating nuclei have been found near the pollen tube {fig. 33)
Whlch Probably come from it, but in all such cases another
nucleus was also present. This fact, together with the size,

structure, and position of what has been called the ventral canal
nuc eus, convinces me of the correctness of my interpretation.

•pindl

!
"

* -?presseae ' although both Strasburger and Belajeff have given the

» con!'
^ division in Jun'Perus. He is certainly mistaken so far as Taxodium

hu1lv

C

<

enied
'
and l sha11 be greatly surprised if a ventral canal nucleus is not even-

*1,} found ^ all conifers.
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The mature archegonium is shown in fig. ji. There are *

vacuoles present towards the base, and a mass of kinopiaal

completely surrounds the egg nucleus. In the center is anor

smaller dense area, and at the base a third appears. When::

vacuole is nearer the center of the archegonium, only twok

plasmic masses are present, one above and one below- Tk|

upper one does not always completely surround the nuclei

is often only in contact with it at the side. As I have describe*

these masses in some detail in Taxodium, and as they se«f

almost identical in the two genera, they need not detain us hett

At the tip of the &gg cell just under the neck a co llectioo

1:

plastic material is figured. It stains red in saffranin and
j

easily be mistaken for a disorganizing ventral canal cell.

generally present in both Podocarpus and Taxodium.

The pollen tube enters the neck, penetrates for some

tance into the archegonium, and discharges its contents intt

egg (fig- 17)- The opening in the pollen tube is distinct!} «|
in fig- 32, where some of the protoplasm of the egg ***

j
to have surged up through it after the discharge. Thear

gonium wall does not show the thickening around and *

the neck characteristic of the Cupresseae (among which /

odium must be placed), but is thin throughout and pern" 1

'

much extension by the pollen tube (figs. 32, 33)-

Strasburger (1892) has described the reduction of <**

m Taxus and the Abieteae when the pollen tube «

only one archegonium, and the recent work of Murrili

and Miss Ferguson (1901, a) confirms this.
8 Where the a

gonia are collected into complexes, the pollen, tubes do not

their necks, and both male cells are functional.

THE EMBRYO.
- 22 i l

fertilization stages were not found, but from fig-.

probable that the fusion nucleus moves to the base of the

gonium before dividing, as in Juniperus (Strasburger.^

Taxus (Jager, 1899), Taxodium") Cryptomeria, and „

* Cephalotaxus (Arnoldi, 1900^" a) is a possible exception.
9 Noted for Taxodium in my preliminary paper, /. c.
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(Arnoldi, 1900, b). The two nuclei here lie side by side, and

are not surrounded by starch or furnished with so distinct a

protoplasmic sheath as in the Cupresseae and Taxodieae. A
denser and more granular area can be observed in immediate

contact with the nuclei, but it is not sharply defined and fades

imperceptibly in the general protoplasm of the archegonium.

* n fig- 33 the second division has just occurred, and the nuclei,

oniy two of which are shown, have not yet reached their full

size. When the sixteen-celled stage is reached, the protoplasm
of the embryo has become separated from the disorganizing
area above

{fig. 34), There is probably no further division

before cell walls are formed, but the absence of important stages
here leaves this point in doubt.

Fig- 38 shows the proembryo just as it is breaking through
the base of the archegonium. It consists here, as invariably, of
three tiers. First is a rosette of generally fourteen nuclei, which
are separated from one another by cell walls, but are in open
communication with the archegonium above; next come the
suspensors, also usually fourteen in number, and below there
«s the large tip cell, with two nuclei not yet separated by a wall.

" will be noticed that the walls between the rosette nuclei
•em to continue those separating the suspensors below. This
s rong evidence that the rosette and the suspensors are estab-

ori

C

JT
aftCr CdI Walls are formed

'
through the division of an

formed
"'"^ ^^ ****' U iS in this Way that they are

ceiluT

H1 Taxodium
* Between rosette and suspensors a thick

•pernTe^ " S°°n f°rmed
'
a novelty, I believe, in the gymno-

their n I

'
° ^^'^^'J ' 41 )- As the suspensors elongate,

arches" M
C°ntrary to the rule

«
remain for some time at the

deposit f

nd
^fig' JP) '

This is Probably connected with the

i is t°o

n the cellulose plug. The first division of the tip

another

°ngltudlnal
(>%"• 40) ; and this is probably followed by

a tier Sucf
tUdmal WaU ln Cach Cel1, giving four tip Cells in

0f the proe h

SUge WaS n0t found
'
but the Sequent splitting

eaxorvos IT i°
int° f°Ur partS su^ests it. In fig. 44 three

such a group are shown, each at the tip of a single



102 BOTANICAL GAZETTE [febr

suspensor. In Jig: 43 the three lower embryos have come, w:

one other, from a single archegonium, while the upper larg

one is from another archegonium, in this case the suspen-

not having separated. Fourteen suspensors appear in cross •

tion in fig. 36 and thirteen in fig. 41. As the proembryo pene-

trates further and further into the prothallium a number of fc

suspensors drop out at different levels, and cross sections just

above the tip cells show a greatly reduced number (fig

Jager (1899) has described a similar behavior in Taxus. I
:

tip cells separate, each is usually furnished with a single

pensor (figs. 43, 44), Protoplasmic connections occur betwea

the suspensor cells near the archegonium (fig. 42). Althoc

the individual fibers were scarcely distinguishable, the appeal

leaves no doubt of their presence.
The embryonal tubes may appear very early (fig- 46 )>

*

usually not before the stage shown in fig. 48. They are for

by the almost simultaneous elongation of all the cells on

proximal surface of the embryo, and by their growth force

deeper into the prothallium.

Various stages in the development of the embryo areg^

in figs. 43-48. If the suspensors do not separate, each of

four-tip cells generally divides first by a transverse wall; if"

do separate, the first division of the single tip cell is
'""

ally longitudinal. Further than this no regularity is »PP
ar

A median longitudinal section of the oldest embryo 1

IS &iven inM 49- There is no indication as yet as to*

the root tip is to appear, and a distinction between derma**

penblem, and plerome has not arisen.
In one case an embryo was found which had grown dirt

upward and passed out between the prothallium and nu«

(fig- 50). where, bene
some distance

ing sharply, it continued its cour»

AFFINITIES OF PODOCARPUS.
In looking over the results of this paper, we find that I

carpus agrees with the Abieteae in the gross structure
or
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pollen grain (long known, of course), in the presence of two

male prothallial cells, in the distribution and arrangement of the

archegonia, in the reduction of the number of functional male

nuclei to one (?), and in the penetration of the pollen-tube into

the archegonium. The first three of these characters, at least,

are of much taxonomic importance, as is shown by their con-

stancy in the different groups. On the other hand, the struc-

ture and manner of formation of the proembryo, where points

of difference appear, although constant, so far as known in the

Abieteae, 10 are by no means so constant in other families, and

are not of such value in classification.

When it is noted further that none of the characters of

agreement mentioned are found in the Cupresseae, and few of

them in any other conifers, it seems safe to conclude that in the

Podocarpeae are to be found the nearest living relatives of the

Abieteae.

SUMMARY.

J
. The pollen grain contains two prothallial cells.

2. The second prothallial nucleus persists and is found later

the tip of the pollen tube. It may divide amitoticaliy.

3- The mature pollen grain sometimes contains as many as
s*x nuclei, probably abnormally.

4- The pollen tube reaches the prothallium before the arche-
gonial initials can be distinguished. It contains no starch.

5- There is but one functional male cell formed.
• lhere is no "spongy" tissue around the macrospore.

7- The prothallium is furnished with a distinct epidermis*
1 e ayer of small regular cells which are modified for secretion.

•
wo large prothallia were once found in the same ovule.

ne of them contained tracheids.

*
archegonia vary from about seven to eleven, and all

greaU°"

thC micro
P>" lar end of the prothallium. The neck varies

7 »n shape and number of cells. Two lar^e kinoplasmic
*0nl k •

or
1Te tecar/J

* mterarchegonial development is referred to here. Manv variations
rded ,n * later history.
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masses are generally present in the mature archegonium, one ;:

contact with or surrounding the egg nucleus, the other near

base.

io. The ventral canal nucleus is not separated from the pro-

toplasm of the egg by a membrane. It persists for some

«

after fertilization and probably assists in nourishing the embrya

11. The pollen tube enters the archegonium to discharge

contents.

12. Four divisions of the fusion nucleus occur before cd

walls are formed.

II. The nroemhrvn rnnsi^Q nf thr^f* tiers of cells, the upp
-

two of fourteen each, the lower of one cell containing two n

14. A heavy cellulose plug is formed between the suspense

and the rosette.

15. The suspensors may separate and several emw.

develop from one archegonium.

16. The Podocarpeae are considered as the nearest In

relatives of the Abieteae.

Bonn, Germany.

Arnoldi, \V.:
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• *» reduced one-half by photography. The magnification given in

«n««a a,-
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f
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-
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Fig. 5. Pollen grain soon after third division; starch still present. X" :

Fig. 6. Oblique spindle of third division. X 75°-

Fig. 7. Pollen grain soon after the amitotic division of the second pfr

thallial nucleus. X 1550.

Fig. 8. Five nuclei in pollen grain, two of which have arisen from*

amitotic division of the second prothallial nucleus. X 75°-

Fig. 9. Pollen grain with six nuclei ; the first prothallial nucleus

»

also divided amitotically. X 750.

Fig. 10. Pollen grain with five nuclei, all of which are lying free ra*

general cytoplasm : the generative nucleus is furnished here, as alwa

with a special protoplasmic sheath. X 750.

Fig. 11. Section of wall of microsporangium just before the first divs*

of the pollen grain. X 315.

Fig. 12. Body cell and stalk nucleus, after the pollen tube has rea

the prothallium. X 315.

Figs. 13-16. Sections through the same pollen tube, showing functi*

male cell, degenerating male nucleus, and three small nuclei ;
Jig5 ' %

and /j are consecutive. X 315.

Fig. 17. Diagram showing pollen tube from which the above fiff*

mere made ; other pollen tubes and a fertilized archegonium are also s -

X 30.

Fig. 18. Four-celled female prothallium with two disorganizing

spores at tip. X 1 50. P. coriacea.
. u

Fig. 19. Diagram Jf two mature prothallia in the same nucleus,

cross indicates the position of the tracheids. X 4#. P- coriacea.
^

Fig. 20. Tracheids found in one of the prothallia represented 1^
above diagram; they are surrounded by multinucleate cells of the

type, x 150. P. coriacea.

PLATE VI.

Fig. 2 1 . Median longitudinal section of prothallium from center

^
face, showing small cells of the axial rows, and a single layer o

epidermis-like surface cells. X 30. .. %r.

Fig. 22. Young archegonium
; neck cell shows a cross division.

P. coriacea. -^

V Figs. 23-26. Neck cells of mature archesonia, showing great

X 150.

tDlC

X 150.

---.-/. wiagidui ot up or ovuie ; arcnegonia nwiu^. ^ „

Fig. 28. Egg nucleus and ventral canal nucleus in mature a
*#*

Fig. 2g. Egg nucleus and ventral canal nucleus in contact. X 3

Fig. 30. Numerous nuclei which have arisen from amitotic '

the egg and ventral canal nuclei in the tip of the archegonium . X3
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Fig. 31. Mature archegonium ; ventral canal nucleus pressed against

the wall below the egg nucleus; three kinoplasmic masses present, one sur-

rounding the egg nucleus; at the tip is a collection of plastic material.

X 150.

Fig. 32. Two-celled embryo in base of archegonium ; ventral canal

nucleus above. X 150.

Fig. 33. Four-celled embryo ;
pollen tube still visible above, with a

nucleus near its tip. X 150.

Fig. 34. Sixteen-celled embryo; several nuclei in the disorganizing

cytoplasm above. X 150.

Fig. 35. Two nuclei in tip of an archegonium in the base of which is an

embryo in the stage shown \nfig. 38. X 315.

Fig. 36. Cross section of a group of fourteen suspensors. X 31 5-

Fig. 37. Cross section of a group of five suspensors just above the tip

cells. X3I5-

PLATE VII.

Fig. 38. Young embryo breaking out of archegonium. X 31 5-

Fig. 39. Slightly older embryo ; two nuclei in one tip cell. X 315-

Fig. 40. Still older embryo, with two tip cells, one of which contains

two nuclei, x 315.

Fig. 41. A group of thirteen suspensors; at their archegonial end is

the thick cellulose plug, x 315.
Fig. 42. Protoplasmic connections between adjoining suspensors of a

group, x 1550.

Fig. 43. A group of embryos from two archegonia. X 150.

Fig. 44. Another group of embryos from a single archegonium. X 150.

Fig. 45. Young embryo before development of embryonal tubes. X 150.

Fig. 46. Embryonal tubes, developed unusually early. X 150.
Fig. 47. Embryo just before formation of embryonal tubes. X 15°-

Fig. 48. Origin of embryonal tubes. X 150.
Fig. 4q. Older embryo. X 150.
W. 5o. Abnormal embryo, growing upwards and passing between

Prohallium and nucellus. x 150.



NEW OR LITTLE KNOWN NORTH AMERICAN'

TREES. IV.

Charles S. Sargent.

Prunus (Prunophora) tarda, n. sp.— Leaves convolute a

vernation, oblong to obovate, acute, or acuminate and she

pointed at the apex, gradually narrowed and rounded or cunea

at the base, finely serrate, with straight or incurved teeth tipped

with minute dark glands, cinereo-tomentose as they unfolds

maturity thick and firm in texture, dull yellow-green and
gj

j

rous on the upper surface, pale and pubescent or pubcruio-

on the lower surface along the prominent yellow m^ r1 s

y2 -l in. long, %-\% in. wide; petioles sto

tomentose, % to % in. long, biglandular at the apex

prominent dark stalked, often deciduous, glands, or eglant

lar; stipules acicular, % in. long, caducous. Flowers m^J
3-flowered subsessile umbels

;
pedicels slender, glabrous, |fi

y -,r, i _.i . . , _i_u^„c toward^;

base, villose above, the lobes acute, entire, villose on the out

surface, coated within with thick, hoary tomentum; P
e

;

oblong-obovate, gradually narrowed below, short-clawed

;

merits and pistil glabrous. Fruit short-oblong to subgo
j

- 6
• diain

acidulous
; stone slightly compressed, obscurely ridged on

>
|

yellow, purple, red, dark blue, or black, % to % in. in

ventral suture, only slightly grooved on the dorsal ^
rugose, acute and apiculate at the apex, rounded at the

diatn«*

bra:

71 to y2 in. long.

A tree 20 to 25 feet in height with a trunk 18 or 20 in
^

stout wide-spreading branches, slender, lustrous, light red-brown ^
marked by occasional dark lenticels, and minute, acuminate, ches

^^
buds. The bark of the trunk is light brown tinged with red, /a ^
thick, divided by shallow, interrupted fissures into flat ridges bro ^
surface into small, loose, plate-like scales, and hardly distmgu'S

Castanea pumila growing

108
fFEB*

ctf
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Flowers early in April. Fruit ripens late in October and November.

Glades and open woods near Marshall, Texas, in dry, gravelly soil, to

western Louisiana and southern Arkansas. F'irst noticed at Marshall on

April 19, 1901, by William M. Candy, B. F. Bush, and C. S. Sargent.

Well distinguished from Prunus umbellata, with which perhaps it may

have been confounded, by its remarkable bark, which differs from that of all

American plum trees, and by its variously colored, very late-ripening fruit.

Crataegus Bushii, n. sp.— Leaves obovate, broad and rounded

or acute at the apex, to elliptical, gradually narrowed, cuneate,

and entire below the middle, coarsely serrate above, with straight

gland-tipped teeth ; when they unfold, green above, pale below,

villose, with short white hairs on both sides of the midribs and

veins
; nearly fully grown when the flowers open, and then

dark gceen and lustrous on the upper surface, slightly villose on

the upper side of the midribs ; at maturity coriaceous, very

lustrous, 1 j£ to 1 ^ in. long, y2 to 1 in. wide, with stout mid-

ribs deeply impressed above, and few slender prominent pri-

mary veins
; on vigorous leading shoots usually elliptical, acute,

coarsely serrate, frequently 3 in. long and 1 y2 in. wide
;
petioles

stout, grooved, margined above, at first villose, finally glabrous,

usually about y2 in. long; stipules linear-lanceolate or oblanceo-
•ate, glandular-serrate or entire, % in. long, caducous. Flowers
fom ^ to 1 in. in diameter in broad, compound, many-flowered,
glabrous corymbs

; bracts and bractlets linear, entire, caducous

;

calyx-tube broadly obconic, glabrous, the lobes elongated,

wear-lanceolate, entire or occasionally slightly dentate, reflexed
a eranthesis; stamens 20; anthers large, bright rose-color; styles
~ or

3, surrounded at the base by conspicuous tufts of pale hairs.

"»* on slender peduncles in few-fruited drooping clusters,

°ng, green tinged with dull red, U in. long; calyx-cavity
k ,

&^^ wii.11 uun ico, y<$ Xli - *^"5 » ****/*» ~~ J

.

and shallow, the lobes only slightly enlarged, erect and
^curved, mostly deciduous before the ripening of the fruit;

-
thm, green, dry, and hard ; nutlets 2 or 3, broad, promi-*% ridged on the back, % in. long.

coVere(J

ree
.

t5 t0 2o feet in height with a trunk 8 or 10 in. in diameter,

»Dnr»e 7
>th dark red-brown, fissured bark broken into small, closely

"Hprtssed sraW „__.,, ... ... .
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head, slender nearly straight glabrous branchlets, orange-green when th

first appear, bright red-brown, lustrous, and marked by occasional oblo:

pale lenticels during their first summer, and dull gray-brown in their second

year, and unarmed or sparingly armed with stout straight spines i# to i

in. long.

Flowers about the 20th of April. Fruit ripens late in October or in

November.

Fulton, Arkansas, in rich upland woods, B. F. Bush, April 4. 1900, Af

and October iqoi.

The large and abundant flowers of Crataegus Bushii, with their pure

white petals and large rose-colored anthers, and its dark lustrous leave

make this species one of the most beautiful of the thorns of the Crus-g2

section. From Crataegus Crus-galli of Linnaeus it differs in the number of

stamens, in the smaller green fruit, in the presence of hairs on the young

leaves, and in the absence or infrequency of spines.

Crataegus edita, n. sp.— Leaves oblong-obovate to oval, acute

or acuminate at the gradually narrowed apex, gradually narrowe

and cuneate at the entire base, coarsely and often doubly serrate

above, with glandular teeth ; when the flowers open dark gree

lustrous and scabrate above with short rigid pale hairs, aw

pubescent or puberulous below particularly on the slender rm

ribs and remote slightly raised primary veins; at matufl

coriaceous, dark green, lustrous and slightly roughe-"
1 "*

upper surface, pale yellow-green and scabrate on the lower sur

Yt, to 2 in. long, V2 hoots often

wide

;

slightly lobed, more coarsely serrate, 3 in. long, 1% ,n<

(

petioles stout, winged above, villose, ultimately
pubesces

stipules linear, glandular-serrate, villose, caducous. Flowe

^er
.

to % in. in diameter in slightly villose few-flowered sltf •

branched compound narrow corymbs ; bracts and bractlets

glandular, caducous ; calyx-tube narrowly obconic, glabr
°U

^e

slightly villose below, the lobes linear-lanceolate,
*

obscurely glandular-serrate, glabrous on the outer *£
puberulous on the inner surface, reflexed after anthesis

;

s a

^
20; anthers small, rose-colored; styles 2 or 3-

Fruit/"p-
glabrous or slightly villose peduncles, in few-fruited ^
ing clusters, short-oblong, full and rounded at the

^
slightly pruinose, dull green tinged with red, % to % in

'

'
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calyx-tube prominent, with a broad deep cavity and elongated

spreading lobes puberulous on the inner surface; flesh thin,

green, dry and hard; nutlets 2 or 3, broad, prominently ridged
with broad low ridges, light brown, % in. long.

A tree in low moist ground sometimes 40 feet in height with a trunk a
foot in diameter free of branches for 18 or 20 feet and covered with dark
fissured scaly bark, stout wide-spreading branches forming a broad sym-
metrical flat-topped head, and slender nearly straight branchlets marked by
numerous dark oblong lenticels, orange-brown and villose when they first

appear, dull red-brown and often slightly villose during their second season,
becoming light dull gray-brown the following year, and armed with stout
traii<ht chestnut-brown ultimately dull gray spines 1 to 2 in. long.

Marshall, Texas, common in low wet woods and on dry hills, W. M.
Candy, B. F. Bush, and C. S. Sargent, April 19, 1 901 ; Shreveport, Louisiana,

• M.Canby,B. F. Bush, and C. S. Sargent, April 21,1901; Opalusas,
Louisiana, C. S. Sargent, March, 1900, in bud only.

Crataegus edita belongs to the small group of Crus-galli-like species
represented by Crataegus berberifolia, from which it differs in its less tomentose
ustrous thicker scabrate leaves which are gradually narrowed and acute and
** rounded at the broad apex, by its slightly villose not tomentose cymes

*Crat
-

X
'

and b> ' tS srnaller later-ripening dry green fruit. That of

reTch^k
berberif°lia is nearl >' g!°bose and bright orange color with a bright

rataegus fecunda, n. sp.—Leaves oblong-obovate to oval or
joa ly ovate, acute or rarely rounded and short-pointed at the
Pex gradually or abruptly narrowed below, coarselv and usually
dOublv SPrrat-o -i.u 1

tow ri

'
Wlth broad spreading glandular teeth except

ar the entire obscurely ciliate base ; when the flowers open

paL r
6611

'

IUStr°US and scabrate on the upper surface with short

on th

ap|

[

>reSSed caducous hairs, and pale yellow-green and villose

occa T
er SUr ^ace al°ng the midribs and primary veins, with

Peen'and
***** ^^

'

at maturity thin but firm
' glabrous '

dark

Mon
n
j^^ lustrous above, pale yellow-green below, 2 to 2}'_

veins
1

° 2
'"' Wide

'
With StOUt midribs and remote primary

*«isttmn?
Sllghtly impressed on the upper surface and after

^'ghtlvTh
^Uentl^ briRht red below; on leading shoots often

sides i t

° C
-

'
Usua% more or less convex by the drooping

less win °H
"*" ^"^ 2 to 3 in ' wide

' Petioles stout
>
more or

g above, grooved on the upper side, villose, often
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glandular with scattered dark glands, glabrous and red at matuni

y2 to y± in. long; stipules linear to semi-lunate, and stipitate,

coarsely glandular-serrate, y2 to % in. long. Flowers ^ in. i

diameter in broad open many-flowered compound slightly villose

corymbs
; bracts and bractlets linear to oblong-obovate, coarse!

glandular-serrate; calyx-tube narrowly obconic, more or la

villose, the lobes elongated, acuminate, irregularly glandular-

serrate, with stipitate dark red glands, villose on the inner surface,

spreading after anthesis
; stamens usually 10, occasionally I

to 15; anthers small, dark purple; styles 2 or 3. Fruit on

slender peduncles often */2 in. long, in broad drooping many-

fruited glabrous clusters, short-oblong to subglobose, full and

rounded at the ends, until nearly fully grown covered with long

soft pale scattered hairs, at maturity dull orange-red, marked by

numerous small dark lenticels, % to 1 in. long ;
calyx-cavri

deep, comparatively narrow, the lobes linear-lanceolate, erect

and incurved, coarsely glandular-serrate above the middle, dark

red at the base on the upper surface ; flesh remarkably thick,

firm and hard, pale green, dry and sweet ; nutlets 2 or },
com-

paratively small, light-colored, rounded and obscurely ridged on

the back, % in. long.

A tree 20 to 25 feet in height with a trunk 10 or 12 in. in diamete

covered with dark red-brown bark broken into small closely app«
scales, wide-spreading branches forming a broad symmetrical round-topF

rather open head, and stout slightly zigzag branchlets marked by large p^
oblong lenticels, dark green and lustrous and covered with soft matted p

3«

hairs when they first appear, glabrous, lustrous and light orange-green dur

their first summer, and ashy gray in their second season, and armed *

numerous very slender straight or slightly curved chestnut-brown *» *

spmes 2 to 2% in. »„ iength>
Flowers near St. Louis toward the end of May and in the Arnold Arboret**

during the first week ,n June. Fruit ripens and begins to fall toward the*
of October, when the leaves assume brilliant shades of orange and scarlet

are often of a deep rich bronze color.
R'ch woodlands, Allenton, Missouri, October, .882, and Illinois

boW
°PP«.te St. Louis, May, , 883, George IV. Letterman . ^Cultivated for many years in the Arnold Arboretum where it was

«
om seeds collected by Mr. Letterman and where it now flowers and r»i*

Us fruit.
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Crataegus fecunda appears to be related to the Crataegus elliptica of

Aiton but not of later authors, and to a group of species or varieties culti-

vated in Europe as Crataegus Crus-galli splendens, Crataegus ovalifolia, and
Crataegus prunifolia, forms, although evidently of American origin, which
are not now known to grow naturally in the United States. From these
Crataegusfecunda differs in its thinner, larger, usually more acute and more
coarsely dentate leaves, in its slightly villose not tomentose cymes, in the
form, color and texture of the fruit, in the color of the young branches and in

its more slender and more scattered spines.

Crataegus Georgiana, n. sp.— Leaves ovate, acute, or acumi-
nate at the apex, full and rounded or broadly cuneate at the
base, finely and often doubly serrate, with straight or incurved
gland-tipped teeth, and slightly lobed with numerous short acute
ateral lobes; as they unfold bronze-yellow and glabrous with the
exception of a few caducous hairs on the upper surface ; nearly
al

* grown when the flowers open and then thin, dark yellow-
green above and pale below ; at maturity thin but firm in texture,
ar ue-green on the upper surface, pale on the lower surface,

l * t0 2 in. long, 1 to \% in. wide, with slender yellow

m
and three or four pairs of primary veins only slightly

mpressed above
; on vigorous leading shoots often 3 in. long and

^0. wide; sometimes deltoid and usually more deeply lobed than

sh! r^"
° f kteral branchle ts

J petioles slender, grooved, often

finely

U>' about U in. long; stipules linear-lanceok

to y ^
andular -serrate, more or less deeply-tinged with red.

pedicels H
pound

in USUalI
-y 5-7-flowered compact thin-branched com-

red in d°

r> mt>S
'
braCtS and bractlets linear, glandular, turning

narrowedT^ '

Ca V̂X"tube broadly obconic, the lobes gradually

Irre?ula 1

r°m br°ad bases
> acuminate, entire, obscurely and

>ies /
} S6rrate

'
stamens 20 ; anthers small, bright rose-color ;

F^it on

S

!

lrr0Unded at the base by a thin ring of pale tomentum.

and round d

nder Peduncles
'
in few-fruited drooping clusters, full

greenf
C at the ends, often obscurely 5-angled, dull russet

oj. u' d ^ ^ in
-

]°ng; calyx-lobes only slightly enlarged.
ecduous before the fruit falls, leaVing a well defined



IJ 4 BOTANICAL GAZETTE {wuma

ring at the summit of the short calyx-tube ; flesh very thin,

light green, dry and hard ; nutlets thin, rounded, irregularly

grooved on the back, about % in. long.

A tree 25 to 30 feet in height with a tall trunk 10 or 12 in. in diameter,

covered with dark red-brown scaly bark, stout wide-spreading branche;

forming a broad symmetrical round-topped head, and slender, straight, or

somewhat zigzag branchlets marked by occasional small, pale lenticels, dark

green tinged with red when they first appear, becoming dull reddish-brov

during their first season, and gray or light reddish-brown during their second

in _l — __ ^ ^

_

H
Flowers about the 20th of April. Fruit ripens and falls early in October.

Low meadows, in rich moist soil near Rome, Georgia ; not rare. W. M-

Candy and C. S. Sargent, May 6, 1899 ; C. S. Sargent, April 22 and October

7. 1900.

Crataegus sordida, n. sp.— Leaves rhomboidal, acute, or

edobovate, and rarely rounded at the apex, gradually narrow

from near the middle and cuneate at the entire base, serrate

above, with slender, straight, or incurved glandular teeth, and

occasionally irregularly divided above the middle into short.

broad, acute lobes; about half-grown when the flowers opened

then membranaceous, lustrous, glabrous with the exception of a

few scattered caducous hairs on the upper surface ; at maturity

subcoriaceous, dark green and lustrous above, pale below, aboi

11/2 "^ongand 1% in. wide; on leading shoots often oblong*

obovate to oval, coarsely dentate and generally divided abo

the middle into 1 or 2 r*»« „f eu nr* i^= 2 to a in. long'
-

H
or 2 pairs of short lobes, 3 to 4 in

winged

longtoward the apex, at first villose but soon glabrous, # *»•

often bright red in the autumn ; stipules linear, acutm*-

glandular, with minute red glands, caducous. Flowers 1
to I-

'"
!

n dlameter, fragrant, in few-flowered, compact, compoun

slightly villose corymbs
; bracts and bractlets linear,

glanoW
the

:e

.
-*> <-<uyx-mDe narrowly odcoiih-, 5'"-

lobes narrow, acuminate, villose on the inner surface,
refle

after anthesis; petals dull, dirty white; stamens 20 ; ^small, rose-color; styles 2 or 3, surrounded at the base b)
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narrow margin of pale hairs. Fruit on slender peduncles in few-

fruited drooping glabrous clusters, dark dull red, % to y2 in. in

diameter; calyx prominent, with a broad shallow cavity and

longated, coarsely serrate, appressed or incurved lobes ; flesh

thin, yellow, dry and mealy; nutlets 2 or 3, broad, rounded, and
ridged on the back with low wide ridges, % in. long.

A slender tree, 20 to 25 feet in height, with a tall stem 5 or 6 in. in

diameter, covered with dark furrowed and scaly bark, and often armed with

long-branched spines, ascending branches forming a narrow oval head, and
slender, nearly straight, branchlets, dark orange-green and villose when they
first appear, marked by large, oblong, pale lenticels. becoming glabrous and
bright chestnut-brown in their second season, and dull reddish-brown the fol-

owing year, and armed with numerous slender, nearly straight, bright
chestnut brown lustrous spines i to 2% in. long.

Flowers during the first week in May. Fruit ripens about the middle of
September and soon falls.

Low woods and the gravelly banks of small streams, Ripley county,
outheastem Missouri, B. F. Bush, Monteer, July 26, 1899, Pleasant Grove,

'
ogost8, 1899; C. S. Sargent, Pleasant Grove, September 30, 1900; B. F.

*' Pleasant Gr°ve, May 7, and Grandin, May 8, 1 901.

.

™babl
-v best associated with Crataegus colhna of Chapman, Crataegus

" ltfers from that species in its ascending, not wide-spreading,

JtlatT

CS
' ^ thC mUCh lar&er later fragrant flowers, which have narrow

or
°
U

f

yx~tubes
>
dul1 dirty white petals, rose-colored anthers, and 2

obcon^

CS
'

Wh ' le
'
n the flowers of Crataegus collina the calyx-tube is broadly

anj

<

?i!

Cand t0mentose or villose, the petals pure white, the anthers vellow,
»*» the styles 5 in number.

Crataegus sera, n. sp.— Leaves oblong-ovate, acute, rounded,

th h

C ° r sllgntlv cordate, particularly on vigorous shoots at

short

f0ad baSG
'

irreSularly divided into four or five pairs of

nearl

*CUtC lateral lobes
'
sharpiy and sometimes doubly serrate

*ith

}

th°

thC petioIe
' with straight glandular teeth; unfolding

era* a t ,

0pening of the flowers and then pubescent above and
coated below w;*k «.u- 1 1

naceo ,

mia thick hoary tomentum ; at maturity membra-

tomento
ark yeIlow

"Sreen and glabrous on the upper surface,

wi <*e with

0I

I

thC l0WCr surface
< 3 to 4 in. long. 2% to 3 i*

remote
ender midribs slightly impressed above and thin

Petioles

r

s l

,mary VCinS extending to the points of the lobes ;

ender, at first tomentose, ultimately pubescent, 1 to
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y2 in. long; stipules linear, acuminate, glandular-serrate, villose,

in. long, caducous; or on vigorous shoots lunate, abruptly

acuminate, V2 in. long. Flowers % in. in diameter, in compact

compound many-flowered tomentose corymbs; bracts and bract-

-
1

lets lanceolate or oblanceolate, coarsely glandular-serrate, v

lose or tomentose, conspicuous, caducous ;
calyx-tube broadly

obconic, coated with long matted pale hairs, the lobes broad,

acute or acuminate, glandular-serrate, with large dark glands,

tomentose on the outer surface, villose on the inner surface,

stamens 20; anthers pale yellow; styles 4 or usually 5. Fruit <

puberulous peduncles in drooping few-fruited clusters, obova

to oblong, dull dark red, marked by small pale lenticels, usually

slightly villose or puberulous at the ends, about % in. long an

y2 in. wide ; calyx-cavity broad and shallow, the lobes enlarge

conspicuously glandular-serrate, erect and incurved, otu

deciduous before the ripening of the fruit ; flesh thick, yellow.

dry, and mealy; nutlets 4 or usually 5, thin, light brown, irregu

a

larly grooved on the back, with broad shallow grooves, % in. 1°°S

A tree 30 to 40 feet in height with a tall straight trunk 12 to 18 inches

diameter covered with pale slightly furrowed bark, thick branches forrmn

broad round-topped symmetrical head, and slender slightly zigzag branch-

marked by small oblong pale lenticels, coated when they first appear
•

dense hoary tomentum, light red-brown and puberulous during their t

season and ultimately pale orange-brown, mostly unarmed or armed
j

occasional straight or slightly curved bright chestnut-brown spines
'

1% in. long.

w p

fir

Flowers during the first week of May. Fruit ripens early in
October.

Low moist soil in the neighborhood of streams. ^
Belle Isle, in the Detroit river, Michigan, C. S. Sargent, May **^

September 25, iqoi; woods adjacent to the Calumet river near

Illinois, E.J.Hill, May and September 1806 and 1897. Ma>'
I9°°

'

Sargent, September 29, 1901. ,.

Michigan
Probably often confounded with Crataegus mollis of Scheele,

sera will perhaps be found to be a common tree in southern
_

northern Indiana, and in northern and central Illinois. It may W
^

guished from Crataegus mollis by its much thinner more oblong *
cordate leaves, by its smaller flowers, and smaller much ,ater

'J^ ^
usually obovate fruit, the fruit of Crataegus mollis mostly falling to*

end of August or early in September.
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Crataegus corusca, n. sp.— Leaves ovate, acute, truncate,

rounded or slightly cordate at the broad base, irregularlv

divided into 4 or 5 pairs of short acute lateral lobes, doubly
serrate with straight slender glandular teeth ; in early spring
coated above with short soft pale hairs and glabrous below; at

maturity thin but firm in texture, glabrous, dark yellow-green
and very bright and shining on the upper surface, pale yellow-
green on the lower surface, 2 to 2^ in. long and wide, with
slender pale midribs and primary veins only slightly impressed
above; on vigorous leading shoots 3^ to 4 in. long and 3 in.

wide, often deeply divided into narrow acute lobes; petioles
slender, nearly terete, slightly glandular, at first villose, ulti-

mately glabrous and dark red below the middle, 1 1/ to \]/2 in.

on
ong; stipules narrowly obovate, acute, glandular-serrate;
leading shoots lunate, coarsely dentate, % to M in. wide.
Flowers V
corymbs coated with matted white hairs ; bracts and bractlets
inear-lanceolate, glandular-serrate; calyx-tube broadly obconic,

coa

r°US
'

°r VUl0Se bel°W
'

the lobes acute from broad bases
'

oarse
y glandular-serrate, villose on the inner surface ; stamens

:
anthers small, pale pink; styles 4 or 5. Fruit in few-fruited

droo

Ion

bv

%
«g. oblong to obovate, bright cherry-red, lustrous and marked

% to yA in. long, V2 to %Calvx-cavif A
™"» 7* L" T* »«• '""g» 72 *-U ?8 "»• vviuc,

narro H
comparatively narrow, the lobes gradually

bthrTth
and aCUte

'
Slightl

3
r glandular-serrate, usually deciduous

mealy-

e

,

nPening
° f the fruk; flesh thick

' yellow '

dr
-
v and

long"
' " S 4 °r

5 '
dark-colored, rounded on the back,'^ in.

tree 18

^e-spreadin °h
*° ^ " height with a tal1 trunk 8 or IO in

-
in diameter>

bmnchlets mark I
anCheS formmg a handsome symmetrical head, and stout^ they firs!

& ^ nUmerous minute pale lenticels, dark green and villose

{
°range-br

aPPCar
'
beC°ming bri&ht red during their first summer and

*** «om near?*"
*** **** Iustrous during their second year, and armed

lowers the

3
"
Stm,ght bright chestnut-brown spines often 3 in. long.

m
Stotemi,

middle °f May- Fruit riPens and begins to fall about the
ember

'
Contil»uing to fall gradually until the end of October.
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Sandy shores of Lake Zurich, Lake county, Illinois, E. J. Hill, Septem-

ber, 1 899 ; E. J. Hill and C. S. Sargent, September, 1 900 ; E. J. Hill, Ma

1901.

Crataegus corusca is perhaps best grou

although it differs from the other species of that group which are now know

and

turn from their lower surface even when young. The flowers, too, art

unusually small for a species of that group.

Crataegus Ellwangeriana, n. sp.— Leaves oval, acute, full and

rounded or broadly cuneate at the base, irregularly divided

usually only above the middle into numerous short acute lobe

coarsely and often doubly serrate, with straight or incurved

glandular teeth ; in early spring roughened above with short

pale hairs and villose below along the slender midribs and pr

mary veins ; at maturity membranaceous, dark green and scab-

rate on the upper surface, pale and nearly glabrous on the lower

lendesurface, 2^ to 3^ in. long, 2 to 3 in. wide; petioles s

nearly terete, at first villose, ultimately nearly glabrous,

2 in. long; stipules oblong-obovate, acute, villose, coarsely

glandular-serrate, often % in. long, those of the upper leaves

of fertile branches usually persistent until after the riper

of the fruit. Flowers 1 in. in diameter, on short stout pedice

in compact compound many-flowered corymbs coated wit

matted pale hairs; bracts and bractlets lanceolate,
coarsely

glandular-serrate; calyx-tube broadly obconic, villose, the lot

elongated, lanceolate, glandular, with small pale stipitate gla» l

villose; stamens 8-10; anthers small, rose-color ;
styles ;

Fruit in drooping villose corymbs, on slender glabrous pedunc

H to \y2 in. in length, oblong, full and rounded at the en

bright crimson, very lustrous, covered particularly toward

ends with scattered pale hairs, # to 1 in. long, # t0 *
wide

; calyx-cavity deep, comparatively narrow, the lobes ej^

gated, glandular-serrate, villose on the upper surface, gla" "

serrate above the middle, erect and incurved ;
flesh thick.

>

c

on th K to u
5

A tree sometimes 25 feet in height with a trunk a foot in diameter
cov

ered
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with pale gray bark broken into small closely appressed scales and divided

6 or 7 feet above the ground into numerous ascending branches forming a

broad symmetrical head, and slender, zigzag branchlets, dark green and
coated when they first appear with matted pale hairs, during their first sum-
mer slightly villose, light chestnut-brown and marked by occasional sm.-ill

lenticels, chestnut-brown and very lustrous in their second year, and ulti-

mately ashy-gray, and unarmed or armed with stout nearly straight chestnut-
brown shining spines usually itoi^ in. long.

Flowers about the middle of May. Fruit ripens and falls from the middle
Jo the end of September.

N'ear Rochester, X. Y. Common. First distinguished in 1899 by C. S.
Sargent.

It is a pleasure to associate this handsome and distinct thorn tree, which
is one of the largest and most beautiful in the northern states, with the name
of Mr. George Ellwanger, the distinguished horticulturist, in whose nurseries
« Rochester a tree of this species, still standing, was large enough sixty
years ago to be an object of interest and consideration.

Crataegus gemmosa, n. sp.— Leaves broadly oval or rarely
roadly obovate, acute or acuminate, gradually narrowed and

cuneate or occasionally rounded at the base, sharply and usually
oubly serrate from below the middle, with straight glandular
«-th, and often slightly lobed toward the apex, with short acute

J
s; dark red and villose particularly below as they unfold,

a most fully grown when the flowers open and then membrana-
ceous^-hght yellow-green, nearly glabrous above, pale and vil-
se eloW; at maturity thick and firm in texture, very dark dull

surfa"

°" thC UPPGr surface
- Pale and pubescent on the lower

occa
'

i°

n^ stout yellow midribs, deeply impressed and

or fiy

I} puberulous on the upper side and along the four

the a

C ^^ ° f Slender Primary veins running obliquely toward

on vigorou°

f

^^ ^^ lI/z to 2 in
"
lon£' l to 2 in

-
wide;

divided

°US dmg shoots more coarsely serrate, frequently

w'th rose

nt

c°i

Sh0rt ^^ l°heS
'

°ften 4 in
"

long and 3 '"' "^
Petioles

°° ^^ midribs and stout spreading primary veins

,0se or nub°

Ut
'

deeply
£roovea\ more or less winged above, vil-

^ducous r
Cent

'
glandular while y°ung, with minute bright red

H; sti )ui

S
'

usually bright pink in the autumn
- % to # in "

P cs linear, acuminate, bright red, glandular, caducous,

> *
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or on vigorous shoots lunate, acuminate, coarsely glandular-

yi in. long. Flowers y2 to 2
/$ in. in diameter

in slender branched villose open compound many-flowere

corymbs; bracts and bractlets lanceolate to oblanceolate, aci

minate, glandular-serrate, conspicuous ; calyx-tube narrow]

obconic, more or less villose, with matted pale hairs, or near

glabrous, the lobes lanceolate, acuminate, coarsely glandular-

serrate, with bright red glands, glabrous or villose on the out

surface, villose on the inner surface, reflexed after anth

stamens 20 ; anthers, small, rose-color ; styles 2 or usually ps

rounded at the base by a narrow ring of pale tomentum.

on elongated slender pedicels, in drooping many-fruited glabra

or puberulous clusters, subglobose or short-oblong, scarlet, ra

Fr

j
trous, y2 in. in diameter when fully ripe; calyx prominent,

«

an elongated narrow tube, and reflexed villose lobes, bright K

toward the base on the upper side ; flesh thick, clear yelk

sweet, very succulent ; nutlets 2 or 3, % in. long, broad,

prominently ridged on the back, with high rounded ridges, p^

trated on each of the inner faces by a short broad deep cauf

A tree occasionally 30 feet in height with a tall trunk 10 or V.

^
diameter covered with dark brown scaly bark, stout spreading or ascent

branches forming a rather broad open symmetrical head, or often s

glabro*
and sometimes flowering when only a few feet high, and with stout

zigzag branchlets marked by numerous oblong pale lenticels, dul on

fo
med

lustro

»A v

asoW
r two or three years and ultimately dull red-brown, and ar

straight or slightly curved thick bright chestnut-brown lustrous spines

about 2 in. in length W : u - J ~ -'- 1 -mpfimps nearly *

diameter, with broad ovate .__
pale and scarious on the margins.

brown outer
s*k

Flowers in Ontario and central Michigan from the middle to the end *

May. Fruit ripens the first of October.
ber

$&
Near Rochester, N. Y„ John Dunbar, October, 19DU Hum ^

flats near Toronto, D. W. Beadle, May and September, *9° i;

Out, C. S. Sargent, September, 1901; Belle Isle, Mich., C. S. Sarf

Grand Raoids. Kieh* kfn. C. W. Fallass, May,—
,

•<yr .
l v^iaiiu xvapias, iviicn., mrs. c, v* • * :*—*-— > ^

E. /• Cole, May, 1896 and iqoi, Miss E. /. Cole, and C & bafg

ternber, 1901.

Well
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remarkably large winter buds, by its stout thorns, dark usually broadly oval

leaves, and by the size of the fruit, which, with the exception of that of

Crataegus tomentosa, is smaller than the fruit of the other species of this

group whose flowers have twenty stamens.

Crataegus blanda, n. sp.—Leaves oval to rhombic, acute or

acuminate, occasionally slightly lobed toward the apex, broadly

cuneate or concave cuneate at the entire base, coarsely crenulate-

serrate above the middle, with glandular teeth ; coated as they
unfold with soft pale hairs ; fully grown when the flowers open
and then glabrous with the exception of large tufts of snow
white tomentum in the axils of the primary veins, membrana-
ceous, dark green and lustrous above, i^to2 in. long and I to

K and lus-

trous above, pale below with slender midribs deeply impressed
on the upper side and two or three pairs of slender primary
veins extending very obliquely toward the apex of the leaf; on
leading shoots often broadly ovate, full and rounded at the base,
more deeply lobed above the middle, 2 to 2^ in. long, I# to
2 ». w'de

;
petioles slender, slightly winged above, viilose at

K
°° tHe Upper Side

'
soon glabrous . H to I in. long; stipules

,n
-r-lanceolate, entire, from % to % in. long, caducous. Flow-

1 «• m diameter, on slender elongated pedicels, in broad
er

^ose many-flowered compound glabrous corymbs ; bracts and
jact ets linear, entire, caducous ; calyx-tube broadly obconic,
.8 * r<>us, the lobes gradually narrowed from broad bases, acu-

ttth
''

Cntire ° r obscurely dentate, glabrous, reflexed after

Fruit

eSiS
'
Stamens 20; anthers small, canary-yellow; styles 5.

many-fruited drooping clusters, subglobose to short-
*g. bright orange-red, marked by few pale lenticels,

oblon

diamet

spreadin
' Pr°minent, with a broad deep cavity and

fru»t; flesh
^^ m°Stiy decidu°us before the ripening of the

brown T
i

thm
'
ydlow

'
dr>' and mealy; nutlets 5, thin, pale

eePly grooved on the back, ^ in. long.A tree

Z r m heiSht with a tal1 trunk

'""Mtoes form
-

°Wn °r nearly black fissured scaly bark, stout ascending

brined glab'^
*

,

br°ad °Pen irregular head, and nearly straight slender
TOUS branchlets marked by large pale scattered lenticels, at
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first dark orange-green, becoming dull red-brown during their first sen*

and darker brown in their second year.

Flowers the first of May. Fruit ripens about the middle of October.

Dry hills near Fulton, Arkansas. Common. B. F. Bush, April :q, aai

October 15, 1901 (nos. 601, 1079).

This very distinct thorn belongs to a group of small-fruited still

imperfectly known species which is abundant with several forms insouttas

Arkansas, Louisiana, and Texas, and of which Crataegus viridis of Linntf«

is the type. From that species Crataegus blanda differs in the characterm
color of the bark, in the larger flowers and fruit, in the unarmed branch*

and in its preference for dry uplands, Crataegus viridis with pale nea

white bark being found usually only on low moist bottom-lands along m

borders of streams and swamps.

Crataegus Ravenelii, n. sp.— Leaves obovate, rounded at

abruptly short-pointed or acute at the broad sometimes slign

lobed apex, gradually narrowed from above the middle to tt

cuneate elongated undulate glandular base, 3-nerved, coarse

and usually doubly glandular-serrate above, with large bright:

ultimately dark persistent glands ; nearly fully grown when

flowers open and then coated with long scattered matted p
hairs ; at maturity thin but firm in texture, yellow-green,

*a

rate on the upper surface, pubescent on the lower surface a or

the slender nerves, I to I ^ in. long, about ^ in- wiae '

vigorous leading shoots often 2 in. long and i l/2 "*. vvl0<

^
divided above the middle into two or three pairs of broad a

lobes; petioles slender, winged above by the decurrent bast

the leaf-blades, conspicuously glandular, tomentose at nts

,

»atdy pubescent, from yx to V2 in. long; stipules line*

lunate, coarsely glandular-serrate, tomentose, caducous,

about % in. in diameter, in few or many-flowered simple*»

tose corymbs; bracts and bractlets linear, glandular, ca

^
calyx-tube narrowly obconic, thickly coated with lo»g

hairs, the lobes lanceolate, viilose on the outer surface, g-

on the inner surface, glandular with small red glands,

after anthesis
; stamens 20, anthers small, pale yellow \ ^

surrounded at the base by a broad ring of pale tomentu^^
in few-fruited puberulous spreading or drooping clusters, -

thick peduncles, globose or short-oblong, bright ora b
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marked by occasional large dark lenticels, puberulous at the

ends, 14 t0 V2 in - in diameter ; calyx prominent, with a broad

hallow cavity and enlarged spreading and appressed lobes
;

flesh thick, yellow, subacid ; nutlets 5, ridged on the back with

narrow elevated ridges, pale brown, }£ in. long.

A tree 25 to 30 feet in height with a trunk 14 or 15 in. in diameter cov-

ered with thick dark brown bark deeply divided into narrow interrupted

ridges broken on the surface into short thick plate-like scales, stout spread-

ing and ascending branches forming a broad open irregular head, and thick

slightly zigzag branchlets coated with hoary tomentum when they first appear,

dark purple or reddish-brown and pubescent during their first summer, dark

pay

dull X
Flowers about the middle of April. Fruit ripens early in October.

Sandhills west of Augusta, Georgia, and Aiken, South Carolina.
Long confounded with Crataegus flava of Aiton, Crataegus Ravenelii

differs from that species in the form of the leaves, the size of the flowers, the
color of the anthers, and the size and character of the fruit. The oldest

which I have seen were collected near Aiken in 1880 by Henry
avenel, and the nampnf thnt riictinoruUHorl QnntVi r^mlina botanist

m
O J ^* ^"^^ V^ lt4r kUVi TF 1 til v *-* iO 11 ClllViUV/ LilV i, 11 v/1 ** H vWi

Crataegus lacera, n. sp.— Leaves rhombic to broadly ovate
or rarely obovate, acute at the apex, broadly cuneate and entire

into numerous narrow« the base, divided above the middle .„ .

acuminate lobes, coarsely and often doubly serrate with straight
?anaular teeth

; coated below as they unfold with thick hoary
^omentum and villose above ; nearly fully grown when the flow-
^open and then glabrous below and covered above with short

upp^
Pale hairs; at maturity yellow- green, darker on the

in tex-

ttidrib

above

% in. long and i % in. wide, with slender yellow

veins only slightly impressed

*eplv th

Vlg°r0us leading shoots usually broadly ovate, often

Wad-
ree*lobed

'
very coarsely serrate, 3 to 4 in. long and

paberul

Pet,°leS slender
' grooved, villose, ultimately glabrous or

the basest/
narrowI

-
v wing-margined above, often red toward

Mucous- ^ -^ m
'
long; stiPules linear, acuminate, villose,

'
on vigorous shoots lunate, long-pointed, coarsely
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glandular-serrate, villose, sometimes % in. long. Flowers
a _ _

Bed

in. in diameter, in sparingly villose many-flowered compouad

corymbs
; bracts and bractlets linear, caducous ; calyx-tube nar-

rowly obconic, glabrous, the lobes linear-lanceolate, elongate

coarsely glandular-serrate, glabrous on the outer surface, villose

on the inner surface, reflexed after anthesis ; stamens 20 ; antht

small, rose-color; styles 3 to 5. Fruit on short stout glabroia

peduncles in erect few-fruited clusters, oblong, full and roundc

at the ends, bright cherry red, lustrous, marked by occasion

large dark lenticels, % in. long ; calyx-cavity broad and sba

low, the lobes small, nearly triangular, villose on the uppe

surface, mostly deciduous before the ripening of the fruit;

thick, orange-colored; nutlets 3 to 5, thin, broad, only sligt"

ridged on the rounded back, with low rounded ridges, lig*

brown, ^ ; n jong

A slender tree 25 to 30 feet in height with a tall trunk occasional!)

5 in. in diameter covered with pale gray-brown scaly bark, small spread*

branches forming a narrow head, and slender slightly zigzag branch

marked by small oblong scattered pale lenticels, dark olive green and »

lose when they first appear, light red-brown during their first sumo« *
ultimately dull light gray, and armed with occasional slender straightW
chestnut-brown lustrous spines % to 1 % in. long.

Flowers about April 20th. Fruit ripens the middle of October.

Low rich woods near Fulton, Arkansas. Rare. C. S. Sargent, Oct

W. M \

Bush, August and October, 1 90 1

.

This very distinct and handsome thorn somewhat resembles,'^

structure of the flowers and in the form and lobing of many of the

Crataegus apiifolia, from which, however, it differs in the usual form

leaves and in the character of the fruit.

N.
Crataegus fit

Sargent S*>

A™- 4:13. 1892, in part [not Aiton]).— Leaves obo

cuneate, frequently 3-lobed at the apex, with short to

lobes, gradually narrowed and cuneate at the entire base,^

serrate above, with straight or incurved glandular teeth, $

with numerous thin secondary veins and reticulate
vei^

lightly villose above as they unfold, nearly fully g***
oB

the flowers open and then light yellow-green,
viH<»
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along the nerves and in their axils ; in the autumn thick and

firm, dark green and lustrous on the upper surface, pale on the

v*
S2 in. wide

;
petioles

wing- margined above, glandular, tomentose, ultimately pubes-

cent or glabrous, usually about y2 in. long; the leaves on lead-

ing shoots frequently 2 in. long and 1 in. wide, and sometimes
divided by deep rounded sinuses into numerous lateral lobes.

Flowers ^ in. in diameter, in few usually 3-flowered simple

compact tomentose cvmes : bracts and bractlets linear-lanceo-

iate or oblanceolate, glandular, caducous ; calyx-tube broadly
obconic, coated with matted pale hairs, the lobes narrow, acu-
minate, glandular, villose toward the base on the outer surface
and on the inner surface, reflexed after anthesis ; stamens 20

;

anthers pale yellow; styles 4 or usually 5, surrounded at the
base by a broad ring of shining white hairs. Fruit solitary
or m 2- or 3-fruited drooping clusters, on short stout pubes-
cent peduncles, obovate, bright orange-red, usually about # in.

°ng; calyx prominent with a broad elongated tube and reflexed

ar-serrate lobes; flesh thin, dry and mealy; nutlets 4 or
glandul

X
I

than

into h

d 'ameter covered wjth thick nearly black deeply furrowed bark broken

J>*
on thick plate-like scales, small drooping branches forming a hand-

le symmetrical head, and slender conspicuously zigzag pendulous branch-
coated when they first appear with long matted hairs, dark red-brown

fflgs^
0f 1CSS Vill°Se durinS their first season, dull dark brown the follow-

wuner, and armed with long slender straight spines, or unarmed,
owers the middle of March. Fruit ripens from the middle to the end

aod

of

coastTf r
arrenS °f northeaste™ Florida and probably northward along the

]**aica PLAIN% Mass>



A DESCRIPTIVE LIST OF THE PLANTS COLLECTED

BY DR. F. E. BLAISDELL AT NOME CITY, ALASK

Alice Eastwood,

(with ten figures)

The plants forming the subject of this paper were collected

at Nome city during the flowering season of 1900. This piace

has lately come into prominence on account of the valuable g<-

diggings located there, and is now visited annually by man

people. On this account it seems well to publish a list of
'

plants found there, in order to give to others an idea of the flc

and also to assist botanists there who have at present no roe

of identifying the plants that bloom so profusely during

short summer. A mere list of names is of little value excep

the worker in the herbarium, but a descriptive list, supplem^

by a knowledge of orders and genera, or by some book in w '

these are given, will lead to the identification of almost a

species.

The Pteridophytes, Gramineae, Cyperaceae, Juncaceae.
a.

Salicaceae have been determined by eminent authorities

except in the last I have simply given the lists as inc.

- x r this 2«*

given to me in each instance. It is with gratitude tor
^

other favors that I here acknowledge my obligations

botanical friends.
, . t. has v®

The interesting description of the country whicn

written by Dr. Blaisdell gives an excellent idea of the en^

^

ment. Except in a few instances, where the environ
|"

e

{un<isi

been especially noted, the plants were all collected in t e

and within a radius of a few miles of Nome city.

THE VICINITY OF NOME CITY.
X

Nome city is situated on the seacoast at the edge^

tundra. The latter extends inland, rising uniformly about

'Written by Dr. F. E. Blaisdell. n$0
126
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hundred feet in four or five miles, where it becomes broken up

and forms the rounded slopes of the hills and small mountains,

which in the vicinity of Anvil mountain do not reach an altitude

of more than 400 to 1000 feet. In this particular region the

easterly slopes of this mountain and adjoining hills form the

divide between the tributaries of the Nome river, that flow in an

easterly direction, and those of the Snake river, that flow south-

Bl *A \\

I '~ Map
' show>ng region where a botanical collection was made by F. E.

*esterl
-
v

- Dexter creek is one of the large creeks of this vicinity
at empty into the Nome river, and has its origin in the east-

"jj
4oPes of Anvil mountain and the neighboring hills, six

< north of Nome city, and courses two and a half miles
^tward to the Nome river. The highest peak in this region is

Etexte

betwef

d)

east

The tundra is truly a marshy plain from its
the seach . ., . . .

J vat lhe seashore to the g

commencement

gh the latter by
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its altitude is more quickly drained, and becomes comparative

dry earlier in the season. It is roughened by hummocks of

moss and bunch grass varying from a few inches to two it

high, and in circumference from that of a stove-pipe in the marsh-

iest places to the broad, flattened, and rounded knolls of the

general surface. In the crevices between the hummocks, which

may be narrow and deep or shallow and varying in breadth, little

streams of various sizes trickle along, working their way to t e

larger creeks. Here and there are perennial springs. Mosto

the water that flows from the tundra comes from the thawn o

the subterranean ice, and the small glaciers that remain in.

higher valleys after the snow disappears. These endure

entire season unless the summer is unusually warm. As

son advances and the ice and snow gradually disappear,

smaller streamlets dry up, so that in the month of Augus

land is comparatively dry. More or less rain falls during

summer. Some seasons are very rainy, as the summer o

while that of 1900 was dry. Near the end of the month of
J\]

I found ice six inches beneath the surface of the ground.

J
formed the floor of a ground squirrel's burrow which I cxP°

f

Everywhere the ground is covered with mosses, he -^

prostrate plants, the mat varying in thickness from one

eral inches. Within the small crevices between the hurnmoc

.« InfiT

to se^

'

.— „ ^
grow many of the small plants. The willows are tn

fee

or

shrubs of the region, on the tundra being from two to ^
high, but along the rivers attaining a height of eight or m0tt

They are scattered here and there, or form thickets an
^

less in extent. Many species of plants find a home in

ter of these thickets.

I could make out but two or three life-zones in tnu>
- .

and its tributary, Glacier creek ; on the east by Nome "*~^

the north by Boston and Grouse creeks, tributaries

creek and Nome river. In the lower zone the severa ?^
plants have a general distribution, an aggregation of i fl

That over which I collected may be bounded as ft>llovvS_
f

south by the seacoast at Nome city ; on the west by Sna'

the

river
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of a species occurring here and there where the conditions are

more favorable to their growth. In the upper zone, above four

hundred feet altitude as an approximate lower limit, a number

of species occur that were not to be found on the lower levels.

The general conditions are about the same in both zones. Alti-

tude and dryness from the earlier drying up of the excess of

water, and rocky ledges attracting the sun's rays, are the main

differences in environment observed in the upper zone.

bio

When I landed, J

oming, and many willows were unfolding their catkins. All

species had almost finished blooming by the end of August,

when the first frosts terminated plant activity, and by the middle

of September everything was frozen up.

The following list includes all the species I saw except one

species of Allium, one of Veratrum, one of Aquilegia, and one of

Delphinium. There were also some mosses and lichens that

have not yet been determined.

FILICES."

1. Dryopteris fragrans (L.)Schott.
2. Filix fragilis (L.) Underw.
3- Filix Montana (Lam.) Underw.
4- Gymnopteris triangularis (Kaulf.) Underw
5- Phegopteris phegopteris (L.) Underw.

equisetaceae.

6 - Equisetum pratense Ehrh.
7- Equisetum variegatum Schleich.

- 2LYCOPODIACEAE,

8
- Lycopodium ALPINUM L.

9- Lycopodium annotinum L. The so-called var. pun-

gens.
I0

-
Lycopodium Selago L

'

DetemiinedbyL.M. Underwood.
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GRAMTNEAE. 3

ii. Alopecurus alpinus J. E. Smith.

12. Arctogrostis latifolia Griseb.

13. Bromus pacificus Shear. A very much reduc

form, possibly already published under some older

|

and as yet unidentified name.

14. Elymus mollis Trin.

15. POA ALPINA L.

16. Poa ARCTICA R. Br. .

17. Savastana alpina (Sw.) Scribn.

CYPERACEAE. 4

18. Carex capitata L.

19. Carex compacta R. Br.

20. Carex lagopina Wahl.

21. Carex macrochaeta C. A.

22. Carex misandra R. Br.

23. Carex rigida Good.

24. Carex scirpoides Mx.
25. Eriophorum angusti folium Roth.

26. Eriophorum vaginatum L.

Mey

i

JUNCACEAE. 5

27. JUNCOIDES CAMPESTRE SUDETICUM (WllW.)

28. JUNCOIDES PARVIFLORUM (Ehrh.) CoVllle.

29. JUNCOIDES SP.

30. Juncus castaneus Smith.

31. Juncus Haenkei E. Mey.

LILIACEAE.

32. Lloydia serotina Sweet Hort. Bnt. ea.

Antheriaim serotinum L. Sp. pi. ed. 2. 444- l 762 '
L*^#

Trans. Hort. Soc. 1 : 328. 1812.—The small bulb or cort>

?

cealed by the scarious bases of former leaves
w*it

3 Dete™ined by F. Lamson-Scribner.
r yil|e

4 Determined by Theodor Holm. 5 Determined by f- V -
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sheath the lower part of the present leaves and the flowering

stem: leaves filiform, 9-1

2

cm long, longer or shorter than

the stem; cauline leaves generally 3, clasping at base and

dilated, involute : flowers solitary, erect, terminating the stem

:

perianth with the divisions 3-nerved, oblanceolate, obtuse,

incurved at base : stamens half as long as the perianth (5
mm

), with

flattened subulate filaments and elliptical basifixed anthers:

capsule when ripe shorter than the marcescent perianth, angled;

the valves obcordate at apex, cuneate at base, cuneate-obovate
in general outline. The flowers are like small erect lilies, dull

white, veined with green or purplish lines.

Type range
: " in alpibus Angliae, Helvetiae, Taureri rastadiensis,

Wallaesiae."

33- Tofieldia palustris Huds. Fl. Angl. ed. II. 1:175.
1778.— r. bore'alts Wahl. Fl. Lapp. 89. 181 2.— Roots fibrous:
eaves tufted at base, erect, equitant, linear-acuminate, about

long, i
mm wide, with three prominent nerves: scape naked

°r with one leaf near the base, 8-1

5

cm high : raceme short, less

an
3
cm

long, densely flowered; pedicels short, i-2mm , with
ree very short papery bracts at base: perianth marcescent,

s orter than the ripe capsule, which is elliptical-orbicular, tipped

)
t e short stout divergent styles with capitate stigmas : seeds

many
'
elliPsoidaI, appendaged by the funiculus.

Z I
4

' ZYGADENUS elegans Pursh. Fl. Am. Sept. 1 : 241. 18 13.—

hi ^ f^
Nutt J°urn - Acad. Philad. 7: 56. 1834.—Stem about 3

dm

basal ^t

m a C°ated bulb
» glaucous and glabrous : leaves mostly

mose' |?
aSS~llke

'
usua% one or two on the stem : flowers race-

umm- -

Stant
°n the l°Wer part of the stem

*

closer near thC

flowed
;

-

bra°tS exceeding the pedicels, i-2cm long, scarious :

veined ^T
20™* ln diameter: segments of the perianth whitish,

ones br^H
green

'
inner ones with well-marked claw; outer

cla*, de
narrowed to the base

! gIand yellow above the

anth'

Cepy emarg i nate: filaments shorter than the peri-
anth.

Tv

•fcfttlb* ^J**J
'°n the waters of Cokahlaishkit river, near the Rocky

*-— M. Lewis."
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IRIDACEAE.

35. Iris arctica, n. sp.—Rhizome stout, oblique, clothed with

brown sheaths which are split into fibers : leaves erect, thin, lax.

2-2.

5

dm long, 5-8mm broad, acuminate, veiny; young leaves ro

at base : stem almost twice as long as the leaves, simple,

«

one or two leaves, the tc

ljeaf rarely reaching

spathe : spathes

flowered ; outer bract leal-

like, acuminate, 3-6
cffi

1<-

1

c

ne-

shorter than or surpa-

ner

Fig. 2.

the pedicels; the two

thinner, acute: pedice

scarcely exserted beyor.

the spathes in flower. J-f

long in fruit : tube of tie

Iris arctica, n. sp. a, blade; perianth cylindraceou-

long, 2
mm in diameter;

ub, standard; c, style branch; d, ovary. All
three-fourths nat. size.

i

widely spreading, with

2-3cm long, i« broad at top, narrowed at base, blade ov

orbicular, violet with a greenish-yellow spot where it jo"1

r1a«r i rem i_ _i _, .— , , . a^^a*~Ac tnfOflSlclaw, 3.5™ long, almost 4
cm broad, veiny; standards inconsp:

ous, variously shaped, generally ovate with a sort of lobe at

surmounted with a long setaceous appendage, the much bro

lower part, corresponding to the claw, white blotched with

pie on the lower half : style branches 3
cm long ;

crests gen**

entire and straight on the inner side, laciniate-dentate

outer, oblong in general outline, veiny; stigma deltoid: sta:

with filaments as broad as the anthers and a little long*

on

latter i

^tits as Droaa as tne antners anu a. "«-••*

long: ovary 3-sided, narrowed at the two
,U ~n: , .

ends

:

differs
I

ture capsule ellipsoidal"

This is nearest to Iris setosa Pallas, from which it

simple stems and one-flowered spathes, and especially in the sbap

div,s,ons of the flower. It resembles this and other allied spec.e*
> ^

the standards inconspicuous and very much smaller than the r
-

description of Iris setosa has been taken from Baker's /*•** r

from Ledeb. Fl. Ross. 4 ; Q6, the original reference.

» L?
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SALICACEAE.6

Wash
1900; idem 3:311- pl> 34- 1901.— S. speciosa Hook. & Am
Bot. Beech. 130. 1832; S. speciosa alaxensis Anders. DC. Prod.
i62

:275. 1868.— Stems rather stout, densely white-tomentose
or flavescent: leaves obovate to oblong-lanceolate, acute or
acuminate, densely tomentose on the lower surface, glabrous or
with some woolly hairs on the upper; the largest leaves 5.5

cm

long, 2-5cm wide; petioles s
mm long, shorter than the linear-

lanceolate stipules; these 5-iomm long, white-woolly: female
catkins 6<=m long, the bracts black, clothed with long white
woolly hairs: style long; stigma with linear two-parted lobes:
capsules ovate-acuminate, sessile, clothed with silky hairs.

Type locality: " Alaxa Americae occidentali-borealis." banks
ome river.

37- Salix Chamissonis Anders. DC. Prod. 163
: 290. 1868.—

S shining, chestnut-brown: leaves (in bud) glandular-

.
green on the upper surface, glaucescent and somewhat

to^r
°n thC IOWer

'
petioles short

>
about as lonS as the &land "

,!!cm

e
?

Stlpules: catkins with leafy peduncles, densely flowered.

thatal
SCaIeS blaCk

'

clothed with lon£ white siIky hairs

styl

m0St e^ Ual the caPillar>' filaments but are shorter than the

taper

5 Capsules clothed with sparse short white pubescence,

short

lng

f
apCX t0 the Ion^ bIack sty le

!
divisions of the stigma

with the lobes as long.
^Pe locality:" in s\nn S. Laurentii.

It

brown
^^ GLAUCA L

*
Sp> P1

"
I0IQ

- I753-—Old stems chestnut-

vat,* !

y°Ung °nes white-tomentose: leaves elliptical, subo-

^
.

tapering to a short petiole which is 5
mm long,

general 1

S'een lo

SUrpasSed h? the white-woolly stipules, upper surface

more ablTd"
glaUC°US

'
clothed with fine silky hairs which are

leaf
4
cm ,

ant 0n the ^wer surface than the upper ; longest

eaves, 1 rem"? '

I2mm broad: catkins small, subtended by the
'

"
°ng; scales arranged in whorls i

mm apart, orbicular,
"Determined
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brown or black, white hairy: stamens 2 from each scale, w

filaments 5
mm long.

Type locality: "in Alpibus Lapponicis and Pyrenaicis."

39. Salix phlebophylla Anders. Oefv. Kongl. Vet. Akad.

Foerh. 15: 131. 1858.—About 2cm high, from branched woody

prostrate stems : leaves crowded on short petioles, ovate-orbi

lar, glossy, veiny, green on both sides but with some long loose

woolly hairs on the lower surface, i
cm long, J

mm wide, with obtu

apex and revolute margin ; old leaves persisting and becomi:

skeletonized: catkins (female only) about i
cm long, surround*

by leaves at base ; scales black, orbicular, clothed with loi

white wool: styles purplish, about equaling the woolly ha

of the scales ; stigma with each division two-lobed.

40. Salix pulchra Cham. Linnaea 6:543- l8 3 l -

Stems

dark brown, glossy: leaves (immature) glabrous or slight

villous, sparingly glandular-serrate; stipules linear-lanceola

green on the upper surface, glaucescent on the lower: pedun

short, not leafy, but with one or two black scales at base: a

kins oblong-elliptical, 2cm long; scales black-lanate but no

densely so ; female catkin with long yellow styles and stigm*

twice-lobed
: capsules ovate-acuminate, slightly hispid.

Type locality: " in Promontorio Espenbergii Americae transbeenngi*
9

inque insula Sti. Laurentii.

ort

41. Salix reticulata L. Sp. PI. 1018. 1753-—Stems 5

high, brown, prostrate, woody: leaves elliptical, ovate or

cular, generally obtuse, green and glabrous on the upper sorf*

glaucous and villous on the lower, beautifully reticulate

on both sides, 1-3.5^ long, 1-2.

5

cm wide, petioles half to

thirds as long as the blade, reddish : peduncles longer than

flfflK

equaling the catkins, which are slender, i.5-3
cm long

'

catkins with bracts subverticillate, reddish, pubescent and den .

ciliate with short white hairs; filaments two to each brae

long: female catkins more closely flowered, and the

^almost glabrous
: capsules sessile, tomentose, ovate-acut^

4
mm long; styles less than i»» long; stigma with the two

divisions each two-cleft.
°

, m
Type range :

" in Alpibus Lapponiae, Helvetiae." Collected on.
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42. Salix sp.—Stems glabrous or slightly pubescent : leaves

elliptical, acute or obtuse at apex, bright green on the upper

side, glaucous on the lower, with margin entire or sparingly

glandular-toothed ; largest leaf 6.5
cm long, 3

cm broad; petioles

i-3mm long; stipules only on the younger leaves, ovate, glandu-

lar-toothed, about as long as the petioles: catkins 2
cm long,

loosely flowered, on short leafy peduncles ; bracts oblong, brown
with silky wool at apex : capsules on short pedicels, ovate-

lanceolate, acuminate, 4
mm long ; styles short ; stigmas capitate

at first, later two-lobed.

This is an undetermined species which Mr. Colville writes has been col-

lected also at other places.

BETULACEAE.

43- Betula nana L. Sp. PI. ed. 2. 1394. 1763 ; Fl. Lapp. 274.

P-6.fig. 4.—Low shrub with brown bark, white dotted: leaves
small, orbicular,

5-i
mm wide, irregularly dentate, with petioles

2mm long.
5 y

Type range: "in Alpibus Lapponicis, paludibus Sueciae, Russiae."

c~ m
C specimen is without flowers or fruit. The catkins are described as

small.

POLYGONACEAE.
44- Oxyria digyna Hill Hort. Kew. 158. 1765 (ex Index

sis;.— sterns erect, 2-2.

5

dm high, with branched inflores-

Petiol

leaves orbicular-reniform, glabrous, on long

bract ^
6rS on slender pedicels, several from each scaly

other t

r°°ping; Sepals four
> two appressed to the fruit, the

wiJed
W°~SPreading

'
carinate on the back : fruit orbicular, red-

• stigmas two, tufted at the deeply emarginate apex.

Stem
' °LYG0NUMBISTORToiDEsPursh.Fl.Am. Sept. 271 18 14—°iems erect ?dm u- u

oblonrr
' gn

' from thick rootstocks: radical leavesuw»ong, 2__*cra I

paie gre
g '

srno°th and deep green on the upper surface,

t0 be re ^^ Iower
'
margin crisped-undulate and disposed

to
P. surpl°

Ute
'
Sheaths not jolted to the petiole, oblique at

^rning p^l^
^ petiole of the cauline leaves : flowers white.

* long cm

°n slender pedicels, in a dense racemose spike,

wide: stamens with white filaments and violet

3



136 BOTANICAL GAZETTE
|
febrcaii

anthers, exserted together with the style, twice as long as tie

perianth: bracts brown, scarious.

Type locality: "in low grounds on the banks of the Missouri, calW

Quamash-flats. M. Lewis." Too young for fruit.

j-

46. Polygonum viviparum L Sp. PI. 360. 1753.—Sta

erect from a bulb-like rootstock : radical leaves oblong to lanceo-

late, or sometimes ovate-cordate, dark green and glabrous ato

glaucous and sparsely pubescent below, tapering at both ead

3-4cm long, 3-6mm wide
;

petioles about as long as the blade

stem leaves strongly revolute, with the brown sheaths lor.

than the petioles : spicate raceme linear-oblong, 4-5 lor

including the bulb bearing lower half: stamens almost twice as

long as the perianth, with filaments longer than the styles, aa6

anthers dark purple.

Type range: "in Europae subalpinis pascuis duris

337- 1753

I)

Dioecious :
-*te»

erect, ribbed, 4-5 ** high, glabrous throughout : leaves few.ov

auriculate or sagittate at base, acute or obtuse at apex

long; sheaths about as long as the broad petioles on the cat;

leaves, much shorter on the radical: flowers panicled; pe" :

jointed in the middle; perianth divisions reflexed; fruiting bra

ovate, veiny, reddish, without grains on the back, but vv

at base: seeds wing-angled.

ith a s

Type range: "in Europae pascuis."

48. Rumex sp.—Stems 2 g
labro*

red or green, striate, from a thick root : radical leaves

r*
^ Wi4 wivuu u^iiuitD, usually LUiuat^ v*v * » •

cauline leaves one or two, with sheaths as long as the p
e

often with crisped margins: panicle thyrsiform or .

flowers drooping on slender pedicels, hermaphrodite: s^

exserted: valves of the immature fruit oblong, without p
scales.

nanus 189

w
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PORTULACACEAE.

49. Claytonia tuberosa Pall, ex Willd. in Roem. & Schult.

Syst. 5:436. 1819.— Stems slender with two lanceolate leaves,

opposite or alternate, 1-2 cm below the inflorescence: these leaves

about 2 cm long, narrowed at base, sessile, obtuse at apex, glab-

rous: flowers umbellately panicled, with pedicels recurved in

fruit, i-2 cm long ; bracts red, sheathing or wanting on all except

the lowest: calyx of two broad, ovate, accrescent sepals : petals

white, i
cm long, more than twice as long as the sepals, 6 cm broad,

truncate or slightly emarginate at apex : filaments dilated at

base, half as long as the petals ; anthers pink, narrowly oblong

:

-eeds not ripe.

The specimens at hand are without radical leaves or roots, but seem to

agree with this species as described in Gray's Syn. FL 1 : 272.

50. Montia sarmentosa Robinson, Syn. Fl. N. Am. 1:272.
'89;\— Claytonia sarmentosa C. A. Meyer, Mem. Soc. Nat. Mosc.
'• I 37« pi- 3. 1829.—Stems glabrous, from slender running roots,

producing runners : radical leaves on long margined petioles,

ovate or °vate; cauline leaves ovate, sessile, clasping: flowers
racemose with recurved pedicels, without bracts : sepals broadly

r^' t!f
htly surPassed by the capsule: petals pink or white, i

cm

on
g. 5

mm
wide, thrice as long as the sepals, with a distinct claw

an obcordate blade : seeds two or three, shining, black, granu-
le mucronulate.

CARYOPHYLLACEAE.

& S hi

Ar
.

ENARIA arctica Stev. DC. Prod. 1 : 404. 1824 ;
Cham.

Stem
Lmnaea i: 54- 1826; Hook. Ft Bor.-Am. pi. 34 B-—

cated*

tU ted~ cesPitose ' glandular: lowest leaves closely imbri-

$ome
!" bunches, glabrous, linear, obtuse, apparently fleshy,

2-3^
W

hiV
alCate

'

5mm
l°ng

'

the mar£in without ciIia: stems

sl»Rhtl -

Ig
]'

Wlth a Pair of ovate obtuse membranously-margined

the fo
°

.

latC Connate -clasP' ng leaves about i
cm distant from

^lon^ ,

Cal^X green or purplish, with the divisions ovate,

r whitT' h

ely nefved, the margins membranous, purplish
e

>
t e apex somewhat incurved but not cucullate : petals
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broadly obovate, a little more than j
mm long, 5

mm broad, tap

1

10

*?§

ing to a short yellow claw: filaments flat, slightly surpassing ie

sepals, abruptly dilated at the very base and thickened: ova

ovoid, obtuse, 2-5 mm long, a little longer than the styles.

Type range: "ill littore Sibirico maris glacialis."

52. Arenaria lateriflora L. Sp. PI. 423. 1753.— Stems

slender, weak, 4
cm high: leaves elliptic-oblong to oval, 5-

long, finely ciliate on the margin, papillose-roughened on t!

surface : flowers on slender peduncles, surpassing the leave

sepals suborbicular, i
mm long, one-nerved, with white membra:

ous margins : petals white, twice as long as the sepals: capsule

globular.

Type range: "in Siberia." Only one specimen obtained, and it

one-flowered.

53. Arenaria macrocarpa Pursh. Fl. Am. Sept. 1
: 3 l8

- lSl

Cham. & Schl. Linnaea 1:54. 1826; Hook. Fl. Bor

34A— Stems matted-cespitose, densely clothed with imbricate*

leaves, all except the terminal tuft dry and bleached:
'-'

linear, obtuse, denticulate, falcate, 6mm long: flowering

2-3 cm high, glandular, slender, with one or two pairs of fca«

one-flowered with the peduncle half as long as the stem: steffl-

leaves shorter and broader than the basal leaves, connate-da

ing, glandular: sepals obscurely 3-nerved, linear, 7
mm

°

membranously purple- or white-margined, incurved at apex

scarcely cucullate : petals white, oval-obovate, more than

j
long, 5

«•» broad : stamens with flat filaments widening gra*

to the base where they become fleshy and suddenly dilate
d,J»

passing the sepals : ovary ovoid, obtuse, 6 mm long, scabrous aio

-

the edges of the valves.
» The ^r

Type range: "on the northwest coast of America.—Nelson.

capsule is not present on any of the specimens.

54- Arenaria physodes Fisch. DC. Prod. i:4*3 ^

Merckia physodes Fisch. Linnaea 1:59. 1826.— Stems

lea

sten

1824

wrtKia pnysodes JtMsch. Linnaea 1:59. l*wv-*"»w
, $

ing from weak decumbent basal stems, rooting at the jo
^ ^

somewhat clothed with persistent dead leaves, P * 1

^^
height of about 5™, glandular-hirsute and ribbed :

leaves
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ovate to suborbicular, 5-io mm long, cuspidate; petioles very

short and broad, a little shorter than the internodes, margins

ciliate: flowers at first solitary, later with a second flower from

the axil of the top pair of leaves ;
peduncles i

cm long, glandular

like the stem : sepals ovate to oval, acute or obtuse, 5
mm long,

3
mm wide, the margin purple, sparingly glandular-hairy : petals

with short yellow claws and broad white ovate-orbicular blades,

together a little longer than the sepals : capsule depressed-

globose, inflated, surpassing the calyx and corolla when ripe,

6~j ma in diameter : styles three, persistent.

Type locality : "in Kamschatka."

$5. Arenaria Rossii Richardson. R. Br. in Parry 1st Voy.

•^PP- 272. 1823.— Matted cespitose : lowest leaves imbricated,

the upper pairs more distant, glabrous, linear, three-sided, some-

what fleshy, 4
mm long : peduncles capillary, erect-spreading or

slightly curved at tip, 2-4mm long : sepals ovate, acute, about

ong, gibbous, with the apex involute, membranously
margined with white or purple: petals linear to oblanceolate,
2

5
mm

long, truncate or obtuse at apex: stamens 10, with the

alternate filaments about equaling the sepals : filaments from a

.
vellow, fleshy, shield-shaped, five-lobed disk at base of ovary:
anthers orbicular, retuse at each end : capsule sessile, conical,
five-angled, purplish, tipped by the three styles.

T)pe locality: "Melville island." In Index Kewensis this is made a

56. Cerastium alpinum Fischerianum Torr. & Gray Fl.

J 8, l838.— <T. Fischerianum Seringe, DC. Prod. 1:419- l82 4-

ahoy

6 "115 I '
5_2dm

niSh > villous pubescent below, glandular

80
^ leaVeS lanceolate -acum »nate, io-i5mm long, 2-4mm wide:

as

*ers c
-
vmosely panicled: peduncles i-2cm long: petals twice

•

'° n
g as the sepals, i

cm
: pod exserted from the calyx 5-6

~m

T
>'P* Reality: " in Kamschatka.

1

mm

Lo~Jer
STIUM vulgatum L. Spec. PI. ed. 2. 627. 1762.

painT

d

>an
° f StGm Pilose ' uPPer viscid-pubescent: leaves in

c}niose

1S

n

ant
'
° bl°ng

'
I °- I 5

ram long, pilose: flowers capitate-
C

' uPPer pair of leaves subtending the inflorescence
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like an involucre; oldest flower with the pedicel curving dow:

wards, longer than the calyx : sepals nerved, pilose, white-

margined, lanceolate, 6mm long, apex obtuse or emargina:

petals white, as long as the sepals: capsule a little longer than

the calyx, the valves revolute after opening.

Type range : "in Scaniae aut Europae australioris pratis."

58. Lychnis apetala L. Sp. PL 437. 1753.— Stems tl-

1 5
cm high, glandular-villous : radical leaves obovate to lane

late, i5mm long; cauline leaves two pairs: flowers pendulous

first, later erect : calyx inflated, glandular, having ten purp:

nerves : petals exserted about 2mm .

This is perhaps var. e/attorRegel. Bull. Soc. Nat. Mosc. 34 : 573-
of ffia<t

the type locality is given as Kodiak island and northward in Alaska

»

Kotzebue sound (ex Gray's Syn, Fl. N. Am. i : 226).

59. Silene acaulis L. Sp. PI. ed. 2. 603. 1
762.—Cespitos

often covering broad areas : leaves linear, one-nerved, glabrc

ciliate on the margins,
5
mm long : flowers on peduncles abo*

their own length : calyx purplish with deltoid divisions, cih

on the margins: petals rose-color, with spreading

£•

blade

exserted claws : stamens exserted.

Type range :
« in Alpibus Lapponicis, Austriacis, Helveticis, Pyrena

This is commonly regarded as a flowering moss as
ground

moss.

60. Stellakia LONGIPES

**

Goldie, Edinb. Phil. Jour. •*

1822.— Stems erect, with erect branches, glaucous or

shining, glabrous : leaves lanceolate-acuminate to ovate,

^
nerved, about 5-iomm long, with longer internodes:

cymose, the lateral ones with a pair of membranous
^

below the middle; peduncles long, almost 3
cm: sepalS

Ja

keeled, 2mm long, with the margins white-membranous,
<^

petals white, surpassing the sepals : capsule glossy, sur?

the calyx by about i
mm

, brownish (perhaps not ripe)-

Type locality: "woods near Lake Ontario.
I I

M

RANUNCULACEAE. . , -j,

61. Aconitum DELPHiNiFOLiuM DC. Syst. i :

3

S0
* ^ higi

onogr. Gen. Aconiti 79. pi. g.—Stems erect, *~5
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slender with few leaves, simple or with few erect branches,

retrorsely pubescent: leaves about 5
cm across, 3-5-parted or

divided with the divisions laciniately cleft into linear acute

lobes, 2-3mm broad, glabrous, paler on the lower surface;

petioles long and slender, glabrous, slightly dilated only at

the base: flowers few on long pedicels, lowest pedicel 5
cm long

rom a leaf-like bract ; the upper bracts with one or two divi-

sions; bracts and pedicels pubescent : hood not much surpassing
the other sepals

; lower sepals half as broad as the lateral and
of the same length : follicles erect, spreading at apex, marked
with dark reticulation, sparsely pubescent.

Type locality of Reichenbach: "in Kamtschatka " (ex Ledeb. Fl. Ross.
•Tty Depauperate one-flowered specimens are not uncommon. Common

everywhere, especially under the willow trees.

62. Anemone narcissiflora tiniflora Eastwood, n. var.—
s 1-2 m

high, glabrous or villous : radical leaves pedately
3- ivided with the cuneate-flabelliform divisions cleft into 5-7
unequal, oblong or linear, acute lobes

; petioles dilated at base,
»mjcated, two- to three-nerved, 4-6

cm long ; blade 2-4

thaT h

V Vlll°US "ciIiate on the margin, paler on the lower side

seslV
UPPer

'
involucral leaves similar to the divisions,

e, more or less densely villous at base and on the lower
surface. 1 rem i__ a

•3 long: Mowers solitary in the involucre on a

cm across,

l0ng"alm

elOng

c

a

m
ting fr°m 3

"5Cm: SePals rhombic-obovate, l-S*~

nutner
^ broad, though somewhat unequal: stamens

much
°US : akenes in a globular head, glabrous, with the style

<nucn recurved.

wcl5 as in th

S° mUch from the usual form in general appearance as

6 j a

e nUmber
° f flowers ^at it seems deserving of varietal rank.

erect from

EM0NE PARVIFLORA Michx
- FL 1:320. 1803.—Stems

hi?h- lea

a
°reeping rootstock, woolly pubescent, 5

cm to 2.5^

cuneate,
thre"

Palmatel
>' 3-divided, with the divisions broadly

0n the u

rCe
*
°bed W 'th uneven rounded lobes, bright green

-"Ous-tip^H
SUlfaCe

'
paler on the Iower

»
the marginal teeth

lotl
H and sl

C
'

reniform in general outline, 1-3™ across
;
petioles

er, sheathing at base, striate ; involucral leaves
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more deeply lobed,* sessile or on very short broad petio

flowers terminal, solitary, white or tinged with blue, almost

;

in diameter: sepals ob^vate, about 3
cm broad: akenes in as

oval head, densely white-woolly, with the capillary styles

generally deciduous.

Type locality: '* ad amnes in sinum Hudsonis defluentes."

64. Anemone Richardsoni Hook. FI. Bor.-Am. 1:6. //

1840.— Stems erect, from slender creeping rootstocks, l-lf

high
: radical leaves three- to five-lobed, the lobes broad

cuneate, irregularly dentate, reniform in outline; petioles 2-1

long, villous, sheathing only at the very base, veined; cauline

leaves three, involucrate, sessile, similar to the radical lea*

but not so broad : peduncles lengthening from 2-1

2

cm
:
sep

yellow, ovate, veiny, pilose on the lower side, obtuse: akene a

a short head, pointed with the long slender uncinate style

|

which are about 5
nun long

fype range : "Eastern primitive district, shores of Hudson's bay: barrt*

ground, Rocky mountains, from lat. 55 ° to 68°, in wet mossy ground. I*

lashka and throughout all Siberia."

65. Coptis trifolia Salisb. Trans. Linn. Soc. 8
:

3°5'

Helleborus trifolius L. Sp. PI. 558. 1753.—Rootstock yellow, sle*

der, filiform : leaves all radical, trifoliate ;
divisions obo< •

cuneate, with crenate-dentate margins and mucronate

evergreen, glossy, glabrous : petioles long, slender, a!&

equaling the scape: scape 1 -flowered (in the only spec**

sepals oval, white, tinged with purple, 6mm long :
petals ora

clavate, 2mm long : stamens surpassing the petals :
fruit want*-

Type range: "in Canada, Siberia."

66. Delphinium Blaisdellii Eastwood, n. sp.—Root
unknot

caudex woody, branching: lowest leaves less dissected than

upper ones, with four or five 3-5-parted divisions,
obovatein

with *

line, laciniately cleft into linear lobes which are entire or

few teeth near the apex ; divisions of the upper leaves wtt

"

ly
f»rtm the te°

_^, ui.ioiuiij uivciguig piiiiiaii-'; — -
j^jj

rhachis and diminishing towards the apex ;
petioles dilated a

broad)

^



1902] PLANTS COLLECTED AT NOME CITY, ALASKA I43

than or equaling the blades : lowest flowers axillary on downy
peduncles, which are erect but recurve at apex, about 2mm long

;

upper ones from slender bracts, forming a rather dense raceme :

divisions of the calyx about as long as the spur, elliptical, silky

villous exteriorly, dark blue with black spot near the apex ; spur
mm

6-

slender, 2.5
cm long, tapering to an obtuse apex less than I

wide, straight or curved, slightly erect or horizontal : upper
petals white, veined with blue ; lower bearded with yellow hairs :

immature capsules densely clothed with white silky wool.
This may have been identified with D. Menziesii Lindl. Bot. Reu

P 1192, as this seems to have been the only species reported from the arctic
region. It is very different from the figure in the Botanical Register, and
quite unlike any specimen identified as that species in the herbarium of the
alifornia Academy of Sciences. Without the root and ripe or fully grown
ru 't. it is not wise to name species of Delphinium, but in a list like the
present one it is better to name it, if it is described, than to leave it described
Du t unnamed.

67. Ranunculus nivalis L., Sp. PI. 553. 1753; Fl. Lapp.
r-3- fig. 2.—Roots fibrous: caudex often branched, sheathed with
mernbranous bases of old kaves . radical leayes cuneate> 3

_
5
_

and

6

°
n l0ng petioles

; cauline sessile, one or two with deeper
"lore spreading divisions : flowers yellow, 2cm across : calyx

as k>

,CUlar SepalS Cl°thed vvith brown hairs : Petals almost twice
0n

g. orbicular to obovate, obtuse, veiny: head of akenes

turgid'

°n ^ el°ngated Peduncle ; akenes orbicular, somewhat

villous

UPPed ^ a Strai&ht or curved style, glabrous or slightly

ao J
Alpibus Laponiae, Helvetian

68 P.».

obi

» ?

1812,

from

Ranunculus pygmaeus Wahl. Fl. Lapp. 157. pi. 3. fig. 3.

an

tems woolly-pubescent, low and slender
( 3
-8cm high),

-- une

aSCe

i

ndlng ro°tstock : radical leaves pedately 3-5-cleft,

« base ?
U rounded lobes : petioles unequal, much dilated

oi the'
i".fl

eined
'
Sparsely ciliate

:
cauline leaf about the middle

8~9B"n
acr

°Wered Stem
' Palmately 3-cleft : flowers yellow,

P^ls: ak

S Sepals vilI°us, about as long as the orbicular

Tvn„ 1

neS m an oblong head, tipped with a curved stvle.
,vPe locality '< aln t ,e(%e of giadp

'• alP- Lapponiae" (ex Ledeb. Fl. Ross. 1:36). On the
5 ,ers

- Swan eulrh
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69. Ranunculus verticillatus Eastwood, n. sp.— Stems

der, weak, reclining or ascending, glabrous near the base.

sparsely and finely pilose about

simple or d i c ho tomou?

branched : radical leaves non

cauline leaves divided palmate

>
• /

y

- 1

\<

\ 1

c

Fig. 3,— Ranunculus verticil-
latus. a, plant four-fifths natural
size; by petal X 4; *• pistil X 4;
df sepal X 4.

to the base, the linear entire

visions appearing like 4-6-whorld

leaves, varying but little in length.

in different leaves from 5-0

long to 3
mm wide, minutely ap-

pressed-ciliate on the margir

with longer cilia at the base, <k

ted on the upper surface (under

lens) with the minute pustules^

the pubescence : earliest pec

(if more than one) naked, y'

long ; later ones, with one

'

rarely two leaves, having

divisions than those of the ma*

: flowers solitary,
bright}

sepals woolly-pd**

boat-shaped, 6

stem

low :

*M-

mm long,

pread out): petals

6

obov
,- I

narrowed to a short claw

long, 5
mm broad, tnc ~

base shaped like a wishbone.£
parti- long: aken«P^
orbicular, turgid, with tort

styles i
mm long, forming a g

head.

This interesting
species

«* toR.affi*lsh
-

;ees-

come nearesi m» ••--»-
, the fort*

quite dissimilar to any ox

that heteromorphic
species. ^ ^

IHALICTRUM ALP1\
1753-

Spec. Plant. 545

•-.
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capose from fibrous roots, slender, I— 1
.

5

dm high: leaves all

radical, trifoliate, with the leaflets pinnately divided, the seg-

ments cuneate, 2-3-toothed at apex : flowers perfect, racemose,

on capillary pedicels, from small bracts, erect or pendent:

anthers narrowly oblong, mucronate, on capillary filaments:

akenes few, pointed.

Type range: "in Alpibus Lapponiae, Arvoniae."

PAPAVERACEAE.

"I. Papaver nudicaule L. Sp. PI. 507. 1753.— Caudex
branching underground: leaves all radical, ovate in outline,

pinnately divided, with the three upper divisions confluent, the
other two or four entire, or once or thrice lobed, the lobes spatu-
ate, sparingly hispid, with revolute margins, obtuse or aristate at

apex; petioles about as long as the blades, together 2-4 cm
, dilated

at base and imbricated, hispid-ciliate : scapes slender, 1-2 dm high,
more or less hirsute with spreading brown-black hairs: bud
e I'ptical, hirsute with brown-black hairs : flowers bright yellow
turning greenish in drying, 2.5-4.5^ in diameter; two petals
roader than long, the other two almost orbicular, cuneate at

base- r-,^^.,1. 1 ...

g, io-i5 mm long,

f()

5 at aPex » hispid with pustulate hairs: stigma with
r
gandular-puberulent rays: seeds 1-2 mm long, chestnut-

quad r*

gl°SSy
'
With the outer coat wrinkled and marked with

a ""angular venation, having a dark brown spot at one end.

"g«e
>

wiih

l0Cality:
"^ Siberia/ ' This is a variable species. These specimens

This

n°ne °f the described varieties in all particulars.
species is named P. radicatum Rottb. in U. S. Geol. Surv. Recon-

naissances

'70.
Index

i««- <uiu i>onon Day regions, rYiasK.ii, iu iy

radicatum is a synonym of P. nudicaule L.

fumariaceae

Ic
- Fl A1°

RYDAUS PAUCIFL0RA Pers
- Syn. 2:69. 1805; Ledeb.

3 <6i i

'
450— FuMaria pauciflora Steph. in Willd. Sp. PL

fn* zJt
7~ 1

l
3°-~~ Stem x -5 °

m
hiSh (

the onl>' sPe£

Nmate div
^ r°0t) : kaveS °n lon^ petio1

!S'ons, these again 3-4- parted with oblong

imen is in

is, of three

or obovate
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mucronate divisions, glabrous, 3
cm in diameter, orbicular in out-

line : bracts ovate, somewhat keeled : capsules pendent on ere

or spreading slender pedicels, i5 mm long, equaling the oblon.

lanceolate capsules ; these tipped with a persistent style i"

long, and a tufted stigma : seeds orbicular, black, in two rov

Type locality: " in montibus Altaicis Sibiriae." According to the desc

ion and the figure in Ledebour the corolla is purple and long-spurred.

CRUCIFERAE.

73. Cardamine bellidifolia L. Sp. PL 654. 1753 Caudex

m

mm
\fc

branched from a fibrous coated rootstock (the fibers thee

petioles of former leaves): glabrous throughout: stems 4-9

high, slender: radical and lower cauline leaves on long slenc

petioles, 1-2 cm long with ovate or orbicular blades 4-6

upper stem leaves sessile or occasionally with short petiole

A' k vi8

flowers white, in corymbs lengthening to racemes, on pedicel

long, which become somewhat longer in fruit : sepals genera.

purplish, with white margins, oblong, about 2
mm long: pet

white, cuneate, 4
mm long, 2 mm wide, tapering to a claw: stj

short and stout : pods too young to describe.

Type range: "in Alpibus Lapponiae, Helvetiae, Brittaniae.

74- Cardamine Blaisdellii Eastwood, n. sp.— Rootst0

^

i*

horizontal, slender : glabrous throughout, with erect stems I--

high
; radical and lower cauline leaves of three to five 2-3"°

ape
petioluiate leaflets 5-8 mm

petioles equaling or longer than the blades, flattened;
•

cauline leaves with 3-5 oblanceolate entire petioluiate
D

length

2
cm k

sepals broadly oblong, yellow, margined with white, ^

5-8 mm long, callous-tipped : inflorescence corymbose, ^
ing to a raceme 9

cm long
;
pedicels flattened, becoming 2

3 -nerved, 3.5
ram long, 2 mm wide, slightly bullate: pe

broadly spatulate, tapering gradually from the rounded upp

2
cn>l0'

to the base of the claw: immature pods very slender

narrowed at each end, but expanding under the clavate ^
This seems to be intermediate between C. pratensis L. an -^

Ch. & Schl., but is distinctly different from either. The cauim

sometimes simple and solitary.
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73. Cardamine pratensis L. Sp. PI. 656. 1753.— Rootstock
obliquely ascending: stems glabrous, i.5-2 dm high: radical

leaves of 5-7 orbicular petiolulate leaflets, each 5-io mm broad,
the upper one largest; petioles long and slender, about 2-3
cauline leaves of 1 1-13 linear-oblanceolate divisions 2-5 mm long,
o.5-i mm broad, the whole leaf 4

cm long : flowers at first corymbose,
lengthening to a raceme

; pedicels 7-io mm long: sepals yellow,
white-margined, 4™ long, two slightly saccate at base: petals
white turning rose-color, obovate, obtuse or obcordate, unguicu-
late, 10™ long, 4-5 »» broad: pods erect, slender, purplish and
green, S

cm
jong> less than |

mm wide . ^^ ^^
Type range

:
" in Europae pascuis aquosis."

/6. Cardamine purpurea Ch. & Schl. Linnaea 1:20. 1826.

^

ootstocks slender, creeping: stems hispid, erect, about 7
cm high :

^eaves few, cauline one or two ; radical and lower cauline leaves
»"M ar, of three orbicular leaflets, the upper one petiolulate, with

Wfcfe

C

|

aU°US tGeth ° r lobeS
'
broadly ovate or orbicular, 8

mm

sessH mm°

US
'

WUh margins ciliate
5

"
the lateral leaflets smaller,

subt

le

'rl

3mm
Wlde

'
petioles I_ 3

cm long: inflorescence usually

keeled h^
^^ ^'^ ° r l°bed leaf

'
corymbose : sepals yellowish,

at bas
'•

aU ^ l0ng ^ tHe Petals '
g^brous, the two outer spurred

claw t

: PetaIS Purplish
'
oblanceolate, tapering to a rather broad

5
»m j

°gether °
mm long: pods glabrous, iy mm long, on pedicels

°ng, beaked with a stout style i-2 mm long.
** locality: » in insula St . Laurentii .»

Stems'lo^
"^^^ °FFICINAL1S L

-
SP- P1

-
ed. 2, 903. 1762.—

0r two d''

SeVeral from a taP root
'
branching above with one

orbicular

1VanCate branches
:

radical leaves broadly ovate to

at ba^
F

'

enUre ° r obscure ly lobed, truncate, cuneate or cordate

ieaves
sess'l

ad
>
on petioles 1.5-3.5°™ *ong ;

upper cauline

few
blunt^t

C Wlth aUricled base
'
ovate-oblong, entire or with a

eeth
: flowers crowded at the ends of the branches

:

l

1

sepals
ye i}

.
™"=« trovvaea at tne ends ot the b

0ng as th^
1^' white 'marSined . spoon-shaped, about

With ^e cla

6
P
h

taI
-

S : PCtalS elliPtical obovate, white, 6mm long
aVV dlstlnc t

: stamens with subulate filaments shorter
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than the ovary and orbicular anthers : ovary orbicular, tipped with

a short style and capitate stigma.

with

Type range : " in Europae borealis littoribus marinis."

78. Draba alpina L. Sp. PI. 642. 1753.— Cespitose

branched caudex clothed with the bases of old leaves: leav

all radical, oblanceolate, acute, with prominent midnerve, cilia

on the margin with simple or branched hairs, about i
CB longar

2mm wide: scapes 2.5cm high, pubescent with spreading ha

slender : flowers two or three in a capitate cluster : sepals oblo:.

elliptical, greenish, yellow-margined, 2mm long, slightly hair

the top : petals yellow, twice as long, obcordate, unguiculat

pods not present as the specimens are too young.

Type range : "in Alpibus Europae."

79. Draba hirta L. Syst. ed. 10. 1127. i/5 8 -
Stems se

veral from a branched caudex, canescently stellate-pubesc

throughout, about 8cm high, one or two-leaved near the to-

radical leaves oblanceolate, about 1

5

mm long, sessile, imbro

at base, callous-tipped, rarely with one or two teeth; c

mbose

sever

leaves broadly ovate, clasping : flowers white, cory

pedicels 2~4mm long: sepals green, white-margined.J*
*-

acute, 2mm long: petals white, oblong, unguiculate, f °

pods not present.

80. Draba hirta tenella Eastwood, n. var.— Sterns
^

from a branched caudex, stellate-pubescent, one-leaved, s c

6-1

5

cm high: radical leaves oblanceolate, tapering to

^
margined petioles, 2-5°"" wide, about 1

5

mm long, acute

with forked hairs ; cauline leaf sessile often with one

^
blunt teeth: flowers corymbose, pedicellate: sePah\

n

°

er

cili

or*

elliptical, white-margined, 2mra long : petals as long ag8*'

ginate at apex, oblanceolate-spatulate, tapering to a claw ^
the length : pods on pedicels of about equal length, 7

•

oblong and tapering at each end or lanceolate,
glabrous,

with a short style and slightly emarginate stigma.

In fruit the raceme often becomes elongated.
j

81. Parrya macrocarpa R. Br. in Parry's rst Voy-
^

App. 270. 1823.— Caudex branched, covered *»
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bleached persistent dilated leaf bases: leaves all radical, nar-

rowly oblong to lanceolate, glabrous, deeply or but slightly den-

tate, with callous-tipped teeth, tapering to a petiole, together

1-5—

5

cm long: scape glabrous: flowers corymbose; peduncles

and pedicels glandular-hispid, the latter 3-4cm long : sepals pur-

plish, linear-oblong, two spurred at base, the other two hooded

at apex: petals white or purplish, obcordate at apex, obovate,

tapering to a long claw, together I2mm long: pods 1-5-seeded,

veiny, rough-hispid, constricted between the seeds: style 2mm

long; stigma 2-cleft : seeds winged, orbicular, 3
mm broad.

Type locality: "Melville island."

CRASSULACEAE.

82. Sedum Rhodiola DC. Fl. Fr. ed. 3, 4: 386. //. 143
Rhodiola rosea L. Sp. PL 1035. 1753; Sedum roseum Scop. Fl.

Cam. ed. 2. 1: 326. 1772.—Stems erect from a fleshy creeping

rootstock, erect, i-2dm high, leafy, glabrous: leaves fleshy,

oblong, serrate : flowers capitate-glomerate, deep reddish-purple,

terminating the stem.
TPye range: "in Alpibus Lapponiae, Austriae, Helvetiae, Brittaniae."

( To be continued.)



BRIEFER ARTICLES.

TWO INSTRUCTIVE SEEDLINGS.

(with eight figures)

Lubbock, 1
in his work on seedlings, mentions not a few example

of lobed cotyledons, and of the appearance on such structure

trichomes of various kinds. The first of these peculiarities he attriDuts

to the need of compact folding in the seed, which may often be o

shape to necessitate such lobing ; for the second he gives no re

A couple of seedlings which I have lately examined show facts wh

appear to bear directly upon the question both of location and

pubescence in cotyledons; these facts I present, together with a dig*

discussion of what they suggest.

The cotyledon of Erodium cicutarium L'Her. {fig- .

petiole and an oblique base, the right side, as viewed from a

being constantly higher than the lower. Into the lamina two mdj

tions project, the right one always remaining the more distal.

the normal condition for the species. But lobin

further than this in the cotyledon, as seen in fig-

represented is by no means extreme in this respect. Even
t

wh
*,^

lobing occurs, the two indentations noted in the

still persist. ^
The reason for this lobing is perhaps a bit doubtful.

u

u A\k tO ®*^
accounts very well for the oblique character, but seems harem'

clear the cause of further changes in form, though not on
J

species, but also for several others, he mentions them and takes

of their somewhat inconstant character. To explain this, t e

variation in the shape of the seeds could hardly be regard *

ficient. There seems, however, to be another view pennissib «.

may partly, at least, clear up the difficulty, if due care is '

press it too far. A glance at the adult plant shows leaves f«7

Ci'" :

cc

taken n

i

uivmcu, or increasing complexity as one passes rrum «~
dgVelop*

early seedling leaves, where it is indeed comparatively well-

•A contribution to our knowledge of seedlings. 2 vols. 1892.

ISO
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up to the larger ones of the full-grown individual. Keeping in mind

the fact that with the gradual change and increase in complexity of

the adult in phylogeny, the representation of past adult stages is

pushed further and further back in the ontogeny of the plant, one does

not find it at all difficult to carry the idea a single step onward, and to

consider the changes in cotyledonar form as influenced by this accel-

eration in development. Lubbock states that the lobing is perhaps

deeper in E. cicutaritim than in the other species, which are also less

lobed or pinnatifid in the adult. As regards the extra lobing in coty-

ledons of E. cicutarium, therefore, I am inclined to adopt the view that

acceleration in development supplies the most plausible reason, and to

recognize the possibility of accounting therebv for the two constant
obes as well.

That lobation may take place for the sake of compact folding
seems, however, fully to be demonstrated by the other seedling with

* «ch I am to deal. The genus Amsinckia has deeply parted cotyledons
yfiS- 7), but the fnllrn^r^ 1^.™ throughout the life of the plant are

^Ple, lanceolate, and entire. Hence it is equally possible that in

^cicutarium such lobes as are of a constant nature may likewise be
ue to this cause, as argued by Lubbock. Researches upon the seed-

J

ngS
° f s,mP 1er leaved species of Erodium would give interesting evi-

dence unnn fk;„ _•_, 6
uPon this point.

Far

l»o S

ar

dT°

re instructive seems the phylogeny of the trichomes in these

both^G
mgS

'

b°th ° f Whi°h Possess hair>' cotyledons. The fact that

hairy
,

eraniaceae and Boragineae are characterized so generally by

ance of

antS
^ m

'
tSelf siSnificam as pointing out the early appear-

%dro h

tr

ii

Chome in their Phylo£eny- The same is also true of the

^urre^nc
CeaC

'
***** ha ' ry cotyledons are 1'kewise of frequent

*botn m
AccePting the views expounded by many writers, among

^nicaMid
mentioned Schaffer

2 and Jackson 3 as dealing with the

present d
* ^ ^ question

'
viz -> that the early leaves of seedlings

^g &atT
ly the IeaV6S ° f paSt aduIt conditions

>
we are

J
ustified in

0n Past ad !

C tnchomes f°und thereon likewise represent those found

cmtogeny
As

!l'Cod I'
*?*"*«« S-„, to the __„„„, .. _- ,.

nes illustrating the later phylogeny of the trichome.
Leber die V

J%i«ische Unters

er

r
endbarkeit dCS LaubbIattes der heute lebenden Pflanzen zu

localized
Ungen

' Abhandl. naturwiss. Ver. Hamburg 13 : 3° PP-
Na

B «• <• x!!

agCS m the develoPment of plants and animals. Mem. Boston Soc.
5 -

89-i 53 . 10 ph. 1899.
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with the lobing, it is easy to suppose that the earlier stages may bt

thrown back upon the cotyledon.

The examination of Amsinckia tessellata Gray, the species use

Figs. i-6, Erodium cicutarium: /, normal cotyledon; ~*. , ^rtyledon
*

f m early aeP
lobes; j, glandular hair on cotyledon; 4% intermediate stage troni .^ m
J, trichome of adult leaf ; 6, retrograde gland from adult leaf.

tessellata: 7, seedling
5 <?, trichome of adult leaf.
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brings to light little of importance. The trichome of the adult leaf
>

fig. 8) is large, heavy, and rough warty; that of the cotyledon is already

somewhat roughened but is much smaller and less highly tuberculate.

Erodium cicutarium, on the other hand, shows a definite series of

structures, all of which are apparently phylogenetically descended

from one of the number.

The hair found on the cotyledon of E. cicutarium {fig. j) is glandu-

lar, consisting of a round, single celled head, and of two or three stalk

cells, the walls of which, even under high power, appear perfectly

smooth. No other modified epidermal structures occur in the coty-

ledons. The glands upon the petiole are similar, often longer

stalked.

Upon the lamina of an early leaf may be found structures of three

kinds. The first is the gland already described ; this, however, is far

less common here than on the cotyledons. A second is a modifica-

tion of the first by the heavy cutinization and roughening of the basal

c^Ujg. 4). This type is usually somewhat larger than the earlier

gland. The third structure is a simple, rough warty, pointed trichome

Wr On a leaf of this stage the last two mentioned occur in about
equal proportions. On the petiole the long stalked gland of the coty-
edon seems to maintain its position, but even here the walls of its

asal cell begin to show a thickening and more or less of the tuber-
ttrtar character.

to the mature leaf, the simple, unicellular, thickened, and tubercu-
point constitutes an almost continuous covering over the surface,

individual trichomes are greatly enlarged and elongated. In

m to this form there is present a smaller number of minute

ofTh

S {^S ^ Sh°n Stalked and with heads far inferior in size t0 those

*alled

C

?
t}ledonar glan <*s, these still maintaining the primitive thin

c aracter. The other forms are almost completely absent.

«ructu'

S SCneS SeemS t0 Sh°W a variation of the Primitive glandular

first Q

U

f

re alon
§ two lines during the phylogeny of the plant. The

{landul

l CSe hneS demonstrates the peculiar development, out of a

mere d

"" Stmcture
'
of a simple, rough warty point ; the second, the

leaf
(

,
egeneration of the stalked gland. The gland of the nepionic

Primitive^]
SeCmS Undoubtedl>' to be a form intermediate between the

the latter h
^ ĝ' 3) and the rouSh wart>' Point of the adult ĝm J) '

basal ceU a^
8 eV°lved from the former by the modification of the

and the gradual cessation in development of the upper parts.
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In one case I found a poorly developed gland on the tip

pointed trichome in an adult leaf, but this, though a very instr

intermediate stage, is certainly an exceptional occurrence. Asa-

these points are well developed early in the ontogeny of the leaf, as

it seems very doubtful whether each one passes through a prim

glandular stage in its development.

As regards the small glands still present, it may be pretty saw

concluded that they are a somewhat retrograde condition of the primi-

tive glands. One of such retrograde glands is represented in
j

of equal relative size with the other figures of trichomes. These at

I

of much more frequent occurrence on the petiole, where also :

stalked glands persisted longest unmodified, than on the lamina.

also worthy of note that they reach their highest development at a

earlier period in the unfolding of the leaf than do the rough is

points, another fact which gives evidence of their direct descent tr

a primitive structure.

—

Carleton E. Preston, Harvard Umversi

SOME LITTLE KNOWN PLANTS FROM FLORIDA A>

GEORGIA.

The collections made bv Mr
3

contain a number of species, which apparently are unrecorde >

Florida and Georgia. Among the more interesting of these arc

following :

Najas conferta A. Br. in Sitzungsb. Ges. Naturf. Fr.
Berlin

1868. This species, formerly known only from Brazil anu

Indies, was found abundantly in tidal creeks near Milton at t c

of Pensacola bay, Florida, August 3, 1901 (no. 6858.) ^
Fimbristylis SCHOENOlDES Vahl. Enurji. 2 : 286. An In

Australian plant collected by Mr. Curtiss in Walton co.,
' °[

^
1886, and again on September 23, 1901, by roadsides an

spots near Milligan, Santa Rosa co., Florida (no. 6912). ^
Mayaca fluviatilis Aublet, PL Guian. 1 : 4*- PL /j '

'

foS>
i

Schott & Endl.) A species described from South America,

fruiting by Mr. Curtiss in creeks at Mill _
(no. 6913). Readily distinguished from M. AubleM^
Michauxii Schott & Endl.) by its very short thick peduncle».

^

j

Poepalanthus pilulifer Koenicke in Mart. Fl. Bras. 3^'^
55- fig- i- Plants found by Mr. Curtiss in moist cultivate
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bordering Lake Louisa, Seville, Volusia co., Florida, September 3 (no.

6894), are identified with Koernicke's description and plate.

Atripi.ex Lampa Gillies ex Moq. in DC. Prodr. iy:iio. A
>outh American species introduced upon ballast grounds near Pensa-
cola <no. 6865).

Galenia secunda Sond. in Harv. & Sond. Fl. Cap. 2 : 474. A South
Urican plant introduced and now forming broad mats in waste ground
about Pensacola (no. 6869).

Ilex decidua Walt. var. Curtissii.— Leaves as in the species, but
when mature only 1 or 2™ long : berries smaller than in the species, 4
or 5"" m diameter.— Dryish land sloping to the Suwannee river-bot-
om, Branford, Florida, October 24, 1900 (no. 6736). According to

r. Curtiss's notes the trees in the neighboring swamp had similarly
e uced leaves. Again collected by Mr. Curtiss on Peace river, near
Nocatte, De Soto co., Florida, April 13, ,901.

lin n

APIUM BIGLANDULOSUM Muell. Arg.var. lanceolatum Muell. Arg.
^innaea

32 :
1 18. A native of Brazil, Argentine Republic, and French

yana, introduced in waste places at Pensacola (no. 6859*.
SCHBA Leggettii Britton & Hollick, Torr. CI. Prelim. Cat. N. Y.

6.

Marks, Wakulla co., Florida, J

°Lvth°

6847\ Rare 0r unrecorded south of Virginia,

ascendj

Cuitissii-~Steins slender, glabrous, prominently 4-angled,

torn lln?

3

^
l0°Sely branched above

> 6 or 7
dm high : leaves glabrous,

lhe prim

atC t0 elliPtic-°blong> short-petioled or subsessile; the

branche"^^ T^ *
l° 5 '

5Cm l0ng; th°Se ° f the eIonSated slender

calyx narrowl
' ^ I ' 5

°m^
'

flowers mostIy solitary in the axils:

ribbed ei^h
*

C}h™driC
'
sIi8 htly constricted at the throat, strongly

sotnew

,

hate

JrOU

H-

3ram
' beC°ming ^ Iong

'
the delto>o>subulate lobes

0va l !imb

e

2^
e

i

dmg the brist,e " like appendages
: petals 6, the oblong-

exserted.— Tn o
° ĝ ' pale Purple with a dark stripe: stamens long-

19, 1901 (no.

October 1897l

tu

6876, and f
*

"J"
7 SWamp

'
Leary's, Georgia, August

iĈ pma„ noT
XXy C°HeCted in FIorida at Aspalaga, u^, x„y ,

m El l-, but°of

I7° ° f BUtmore Exsiccatae). Related to L. lanceola-

aQd fewer Bm °i,

m°re sIender Aexuous habit, and with thinner leaves
« '

Cr smaller flowers.
oaboatia for

freel
>' stolonif

°
Sa Perennial from elongated slender rootstalks.

st«ms 2 to c d» ^

US
'
the simPle or loosely branching somewhat flexuous

lowest flowerin 'jf*

= leaves very numerous, 8 to 12 pairs below the
ng branches, lanceolate to oblong-lanceolate, thin and
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wide-spreading, essentially uniform to the top of the plant, 2. 06*

long, 0.5 to 1.2
cra broad, mostly equaling or exceeding the internode-

flowers solitary and terminal or at the tips of the loosely ascending

branches: calyx with 7 to 10 lanceolate foliaceous lobes 1.2 to 2
3

long: corolla rose-colored, with 8 to 10 oblanceolate remote lobes i.j

to 2.5
cro long and 5 to 7

mm broad.— Swampy thickets on North Ed

river, Orangeburg district, South Carolina, August 9, 1884 (>*><^

nell Smith); muddy banks of Blackwater river, near Milton, Flo

July 8, 1897 {A. H. Curtiss, no. 5928). Formerly called S. chbrak

Pursh, from which it differs in its elongated rootstalk and more stolon-

lobt

iferous habit, its thin uniform leaves equaling the internodes, its fc

ceous calyx lobes and narrower corolla lobes. From the habit*

similar annual S. calycosa it differs in being perennial, in its W
usually 10-lobed corolla and narrower more numerous calyx

Scutellaria glabriuscula.-— Stems two to several from a some*

woody short caudex, slender and arcuate, simple or branchings 10

high, minutely puberulent : leaves narrowly oblanceolate, mostly 2#

3
cm

long, short-acuminate, narrowed to slender petioles 0.5 to 1

long, all but the lowermost entire, glabrous, viscid and glandfl™

pruinose: inflorescence racemose or racemose-paniculate,

Ld

i

W19

reduced linear or linear-lanceolate floral-leaves: pedicels 2
to

-

long, puberulent and occasionally with scattered stipitate glands: e

glandular-pruinose, minutely puberulent on the angles and mar£

corolla 2.5- long, glabrous, the slender tube and obliquely fo ..

a.

sk

throat whitish, the lips purplish.— Dry sandy pine- woods, W ton*

Florida, September 15, 1886, and dry scrub lands near De Fi

springs, Walton co., September 21, 1901 (A. H. Curti

pine-barrens, Westville, Holmes co., Sept. 18, 19°

Related to 5. integrifolia L., but differing from that in .~ -
less pubescent stems, narrower slender-petioled glabrous leave*-

subglabrous calyx; and from 5. integrifolia and its immediate all

its glabrous corolla. & integrifolia, a plant of moist soils, flo*

spring and early summer, while S. glabriuscula grows only » r
-

and flowers in autumn.
Perilla ocymoides L. Gen. ed 6. 578. An Indian >t

reported by Mr. Curtiss as "abundant in streets of various

n .

to*;

s -_, ^w* woo ^ aUUUUdUl ill auvvvu
northwestern Florida and southwestern Georgia. In low wood

Bainbridge, Georgia." Collected August 14, 1901. at BM *
Florida (no. 6874).
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Q Native of Brazil and Chili.

Collected by Mr. Curtiss on ballast at Pensacola in 1886, and on

August 12, 1 90 1, found established in moist ground near Pensacola

(no. 6873).

:alia sulcata.— Stem 1 to 1.5 ""high, deeply furrowed: leaves

from ovate to ovate-oblong, glabrous, green on both sides, faintly

nerved; the lowest long-petioled, blunt and undulate-dentate; the

upper sessile, acuminate, deeply and coarsely acuminate-serrate

:

orymb broad and loosely branched : the narrowly campanulate invo-

•ucre of 5 oblong bluntish bracts 8 or io mm long; the pedicels
minutely calyculate-bracted : corolla deeply cleft.— Clearings in edge
of swamp near Smithville, Georgia, August 26, 190 1 (A. H. Curtiss,
no. 6884 A). Related to C. ovata Ell., but differing in its deeply fur-
rowed lower green stem; green, not glaucous, more cut leaves; and
ater flowering season— the taller glaucous C. ovata with un furrowed
stem flowering some days earlier in the same region.— M. L. Fernald,wy Herbarium

THE MORPHOLOGY OF THE PINE CONE.4

(with plate viii)

the
° MUCH has been said in regard to the morphology of the cone of

unne

P 'n

!

and hS nCar alHeS that k WOuld seem imPossibie as wel1 as

lent

e

s

CeSSary t0 su§gest anything further. However, the recent excel

-

ttaJT-
1113

-'
^ C°uIter and Chamberlain's "Morphology of the Sper-

matteV

Jt

*d"
° l thC many theories hitherto advanced to clear up the

* is by n

thC COn°lusions reached by the authors named, show that

interpret '

meZnS settled, and perhaps warrant me in presenting an

half a a

'°n whlcn l have used in lectures before my own classes for
a dozen vear* ^ J

years or more.

s°called
P°lnt ^ 'SSUe iS

'
'n short

'
the morphological nature of the

Abi«ineae

°

b

VUhferous scale," a structure present in the cones of the

the pinace'a

Ut rUdimentar
y °r wholly wanting in the other tribes of

homologue
t

° & Pme COne the axis Dears Dracts which are the

these hrarA°L
the stamens in the staminate cones, and in addition to

ract
) which h

tmcK, woody scales (one immediately above each
e seeds. In such a seed-bearing cone the woody

*9oi.
re ection G, Botany, of the A. A. A. S., Denver meeting, August,

Head
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scales constitute the bulk of the cone, the bracts always remaining

relatively small and inconspicuous On the other hand, in the cone

of a Sequoia, Taxodium, or Cupressu the whole structure is composed

of the enlarged bracts borne upon the axis On a priori grounds

there should be no question as to the morphologic al equivalence of the

seed-bearing cones of pines and cypresses, and
]
et the added struc-

ture in the pines— the ovuliferous scale has brought about a most

uncomfortable confusion.

What is this structure? I t a se >nd leaf, as Robert Brown

thought; a flattened axillary stem, as Schleiden thought; a single leaf

of a short axillary shoot, as von M hi sug :d «ir a fusion of two

such leaves, as suggested by Alexander 1 aun. and accepted by man

botanists? Is it a ligular growth as Sachs would have us believe: or

is it a vestigial structure resulting from the modification and partial

suppression of the axillary item, as Celakovsky holds? This is not

the place for a critical discussion of these views, but I may say in

passing that they all fail to homologize the staminate and seminiferov

cones.

Many years' study of the young cones of the pines has impressed

me more and more with the essential identic of the cones bearing the

two sexual cells, and at the same time has suggested an explanation of

the origin of the ovuliferous scale which has for s< eral years been

helpful to my students. It is noticed that when the megasporangia first

appear they are rounded masses of cells pushin up t m < he aN rV

region at the base of the bract of the vour one later, this differentiates

nto scale and ovule. For a long time the scale portion is compel
of chlorophyll-bearing parenchvma and it is miv much later that it

becomes brown and woody. At all times there is I
1 line of ****

tion between scale and ovule, but the t * are contin m and£
insensibly from one to the other. These facts led to the suggest*

that the scale in the p,ne cone is a backward extension of the chab*

issues of the ovules. The scale according to thi v.ew is
ovular

nature, ,. ,., lt is not a new strucUjre ^ n)erdv an enlargement W
mod.fication of a structure already present. The cones in the C*f*
smeae and Taxodieae are normal.';.,., he megasp -angia are bor»e

he bracts
( lrpels) which later become enla: ed. In the Arauc***

he same structural conditions prevail, but while there is a slight^ward ovular growth, the bract is still so Urge as to greatly ***"
In the Abietineae the meg porangia. which at first are second*

1
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to the bracts, soon make so great a backward (chalazal) growth as to

greatly overshadow the bracts. With the enlargement of the ovular

tissue there has been a decreased development of the bract. As the

ovular tissue has enlarged it has assumed more and more the photo-
synthetic and nutritive functions elsewhere discharged by the bract

(carpel), until now the latter is practically fuctionless.

Concisely stated this view may be formulated as follows : The
microsporangial and megasporangial cones are strictly homologous,
and in the latter the sporophyll enlarges or remains small just as the
chalazal development of the megasporangium into a scale is less or
more pronounced.

In accordance with this view the tribes of the family Pinaceae
should be rearranged so as to place the Abietineae at the summit of
1 e group. Probably the sequence would be something like the fol-
lowing

:

Tribe I. Cupressineae.— With Callitris, Thuva, and Cupressus lead-
'
Rt° Taxodieae, Juniperus leading off in a side line.

Cun

r

'u

C H
' Taxodieae-—Leading through Taxodium, Sequoia, and

T?
t0 thC tW° tribes Araucarieac and Abietineae.

T
" C ni

/
AraUCARIeae,—With Agathis lower than Araucaria.

'tarixCerf
Abietineae.—With Picea, Tsuga, Abies, etc., lower, and

Nebraska
"^^ ?mUS higher.— Charles E. Bessey, The University of

EXPLANATION OF PLATE VIII.
Figs. 1257 *

^•Jfrorn'sh -

are m Strasburger
'

s Die Coniferen und Gnetaceen;

x%
^)\fis:

^ S Û e history °f Seq**oia sempervirens (Bot. Gaz. 21 : 332.

k- 4 is o-

r°m Coulter and Chamberlain's Morphology of Spermatophytes ;

Ovu!iferous i*

' a11 the %ures mS » the megasporangium; 0. s.,

figs. ,2
;

*'
SCed

; SA sPorophvll.

^egasporanLj

2

]

Cu^ressus funebris ; /, longitudinal section of a young

isneari,
5 '3

°°ne; *' longitudinal section of a seed-bearing cone, the
nearly mature.

.

*>d a «;„ ,

*e?UOia sempervirens

Fig.
5

*'th s**a

u a single
»»*'*»» , j, vertical section or a young spuiupu;"

*'th seeds at

megasporan
S ium

I 4, longitudinal section of a sporophyll with

P"* " A ?'
ncaria excelsa ; longitudinal section of a voung sporophyll,

F'GS
6, 7

'*?.'memary ovuliferous scale.

*uh
^ditnentarv^"

5 Pumiiio
> 6> longitudinal section of a young sporophyll

phy!1
' with me/as

megaSporanSiurn = 7> longitudnal section of an older sporo-
gasporangium grown backward as an ovuliferous scale.
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A. F. W. SCHIMPER.

Iliant

botanist, but it is fitting to record here some of the most interesting

features of his life. In view of his high rank as a botanist and his many

contributions to all phases of botanical activity, it seems incredible

that he was but 45 at the time of his death. His father before him,^

Ph. Schimper, had made for himself an illustrious name in botanical

work, no other of his time excelling him in his two favorite fields, br

ology and paleobotany. The subject of our sketch won his doctoral!

in 1878 at Strassburg, where his father was professor of botany.

Schimper's first famous investigation was on starch and plasties,

and he was the first to show that plastids are necessary for starch for-

mation. Another important contribution to knowledge was made

when he showed that plastids do not arise spontaneously in the cyto-

plasm, but that they always proceed from pre-existing plastids. Sow

years later Schimper published papers on the formation of calcm*

oxalate in leaves and on
pa

plants, calling attention to the manifold metabolic activities of the lea

and showing that chlorophyll has a part in the production of protei»

Botanists have often had occasion to remark Schimper's breadth

mind. Versed in all botanical fields and an investigator in mar

could scarcely be narrow. But it cannot be doubted that his extern

travels, especially in the tropical regions of both hemispheres, eonm

uted largely to his breadth of view. American authors have o «•

complained that continental botanists do not give sufficient ere a

papers printed this side of the water, but no such complaint co

rightly be made against Schimper. Perhaps his fellowship atj<

Hopkins in 1881, and his travels in Florida, the West *•**

South America made him feel kindly toward Americans. Some

later he spent considerable time at Buitenzorg, and his investig^

are among the most brilliant that have come from that famous
_

ical center. Only a short time before his death he accompan*

Valdivia expedition to the Antarctic regions.

In 1883 Schimper was called to the University at Bonn, **
^

rose from a docentship to a professorship, and it was from er

* j

most of his investigations were published. In 1899 he accep
J

to the University at Basel, where he remained until his death,

^^
ber 9 , 1901. Schimper will doubtless be remembered longest
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about _r .

Wechselb

his ecological contributions. It was he who organized and issued the

Botanische Mittheilungen ans den Tropen, which have probably done
more to give a correct picture of the ecology of the tropical vegetation

than all other works combined. Schimper himself contributed the

most important papers to this series, among which may be mentioned :

Die cpiphytische Vegetation Amerikas, in which most of our knowledge

n tropical nature is to be found ; Die

Pflanzen und Ameisen im tropischen
merika; Die indomalayische Strandfiora. One of Schimper's most

important papers was on transpiration ; in this place he for the first

time clearly showed that plants of cold regions and plants of saline
abitats are obliged to meet the same dangers as desert plants, viz.,

excessive transpiration.

ible botanist was his Pflanzen-
Wrapku, which was reviewed in this journal. 5 The review writ-

aJmo*' d

that time WaS thC rGSUlt ° f a firSt imPression -
Now that

fae '
"^ ^ been made ° f this great work in the three years

fie"

1

!

appeared
' that fayorable impression has been not only fully jus-

dicted ^
Intensified. It is clear that this work marked, as then pre-

the tit'l .

C eginnin
& oi a new epoch, an epoch that is expressed in

Pflanzen?eosrraHhi* „ Hf p^ y It is the
Ph iol -i

'"/""^ ««/ pnysiocogiscner Urunaiage. it is rne

other da
^^ ^ distinguishes the new ecology from that of

h » sad^d^
*** *** "^ field ° f endeavor SchimPer Ied the way-

^ogiJ"
C

!
d that th°Se Wh° are tr>'in& to follow out the tortuous

°*Us. H. C.

IB0T
- Ga2- 27=214-2,6. Ig9



CURRENT LITERATURE.
BOOK REVIEWS.

Medicinal plants of the Philippines. 1

As indicated in the translator's preface, the book is primarily intended

facilitate the study of the native medicinal plants by the numerous medial

officers stationed at small posts throughout the Philippines, but it will a**

prove of great value to botanists everywhere, and particularly to pbares-

ceutical botanists. The style of the book is simple and very interesting,**

an occasional quaint comment. For example, under tobacco, the autw

says, "The robust who smoke and drink to excess and meet with an ace-

dental death on a railroad or from an acute disease that overtakes them*

the midst of robust health, serve as arguments for the defenders (of

tobacco habits to nrove the innnrenre of the custom." And again,

antiseptic power
00

antiseptic power ot tobacco is undoubted, but it is intoierauic m<" » r

-

under the pretext of avoiding self-infection should enter the house o

patient and continue smoking at the bedside." As the author admits, m

of the information regarding medicinal properties of plants and plan* P
•

is obtained from the Filipino herb doctors {curanderos). The common nam

names are given. The botanical descriptions are simple and quite bnet

.

The book is timely, and it will assist American botanists to acq

themselves with the flora of their new possessions.- Albert SCHWB8»

Trees in winter.

The reviewing of so-called popular scientific books is usually unp e^

^
because one has so often to say disagreeable things ; but in this lTiSaJ*

3

task is quite the reverse. Miss Huntington's Studies of trees in W*

certainly aid very materially in developing a love for nature study. ^^
The book is unique in that it is a guide for the study of our ^ore

^
in a season which, though popularly supposed unsuitable for * ^

plants, is one that, as the book shows, has certain very marked a I ^
The absence of foliage brings out much more clearly the tree

trees

» Pardo de Tavera, T. II.—The medicinal plants of the PWlipP'n«;

from the Spanish into English by Jerome B. Thomas, Jr., captain and a* ^
geon, U. S. A. 8vo, pp. 269. Philadelphia : P. Blakiston, Son & Co. 19 ^

Annie Oakes Huntington: Studies of trees in winter. > ^^
pages, 75 full page half-tone illustrations and colored plates and text cu

Knight & Millet. 1902. $2.50.J
[ft

162
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characteristics, and other details more or less obscured during the summer
months. As Sargent says in his introduction to this work, u For the student

erf trees searching for accurate knowledge it is as important to study trees in

winter as in summer." While the book has undoubted scientific value, its

£reat value will lie in its bringing many into a little closer touch with nature.

The half-tone illustrations from actual photographs are remarkably good,

bringing out details very clearly, for which no doubt the publishers deserve

much credit. The colored plates, in so far as I am able to judge, are true to

are. Print, paper, and binding leave nothing to be desired —Albert
Schneider.

Cellulose,

w 1895 Cross and Bevan published a large work under the title Cellulose,

"* outlme °f the chemistry of the structural elements of plants. Although
that work was especially intended for chemists, it proved of assistance to

P ysiologists who were concerned with this substance in its structural rela-
tion? to have the chemical data brought together in a connected way. The
same authors now issue a work entitled Researches on cellulose, 1895-1900?

is intended as a supplement to the former one. It gives a brief account
•

j

ose researches which have been published between the dates named, as

£
as certain of the authors* own investigations not previously published.

eco

ai

(i

eniPt haS beCn made t0 g 'Ve the sub
J
ect-matter tne form of a connected

^ ' PaPers are presented in abstracts, some very brief, some much

direct!

aH Without comment. The book serves well to show the

'« te<!^

n
.

m Whlch investi,?ation »s proceeding, and also the advances made

botanists

application of chemical knowledge. It would be well for

cellulose

t0

.J
amiliarize themselves more thoroughly with the chemistry of

ulose " C
Sh°uld then hear less about the cell wall being " composed of

9 that a h

fr°m a Chemical Point of view
>
tells as 1Utle about it as to

The invest ^ *" bUiU °f St°ne tells of its materials or its ^chitecture.

^.and
'gatl0nS int0 the cellulose of fungi, the hemicelluloses, lignocellu-

leni'istn-

Pe

i

Ct°"cel!uloses are contributions to plant physiology as well as to

bran*, a ^^ °f itS technical character the book is one which botanical
r'es should have.—C r r

NOTES FOR STUDENTS.
v. K r —

*e Indians of

S

\f

UT4 haS published a very ful1 account of the plants used by

*°d the uses t

°Cino county, California. The numbers of plants used,

tbc
subiert 1

°

A7
hlch they were put, are amazing to those not familiar with

}^i—J. M. C.
3
Cross, c k" l8°- London^

8E
-

AN
' E ' J" Researches on cellulose, 1895-1900. 8vo, pp.

4C«ntrib n
ni CW Y°rk

' and Bombay : Longmans, Green, and Company. 1901.

•
S

-
Nat. Herb. 7: 295-408. pis. to-zi. 1902.
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A contribution from the Leipzig Institut on the function of hydathofc

comes to these conclusions : (1) they are not necessary to the plant fc

prevention of the injection of the intercellular spaces, since plants do ad

suffer from injection (though Impatiens parviflora sheds a large part of 18

leaves)
; (2) they do not render the plant important service in the acquis

of mineral food by hastening the movement of water, for Pfeffer's Phyiutog

says that even in the moist climate of the tropics transpiration keeps Ik

leaves supplied !
" We may therefore regard the hydathodes only as <

whose presence is now occasioned less by their necessity than by hert

Since when ? — E. B. Copeland.

N. Schulz,6 in investigating the relations of light to the germination of

the spores of mosses, ferns, and equisetums, has reached the follow coa-

elusions: (1) these spores germinate only in light; (2) an exception to t*

rule occurs only in certain ferns that have other biological peculiarities, 2

ophioglossums, etc.; (3) light is necessary to spores of mosses and ferns as*

stimulus to the transformation of the food reserve and to growth; (4!
<**

stimuli cannot replace light in this process except in Ceratopteris, where

Bnm r solution moss spore*may be replaced by raised temperature
; (5) in a

seem to germinate, but this growth, accompanied by stronger 5tora
?^y

starch and the prominent swelling of the spore, cannot be compared

germination under normal conditions
; (6) the spores of equisetums p

cells that are not in resting condition and contain no food, and hence iff*

is not necessary as a stimulus to digestion, but as a condition for $&
synthesis.— F. M. Lyon.

.

Blackman and Matthaei 7 have been observing the responses

tain leaves to traumatic stimulation. The leaves of Prunus Laumef
*Z

show remarkable vitality when removed from the plant, remaining

for more than a month, while oleander leaves remain fresh for

months, and even put forth roots if placed in water. Portions of old

leaves were killed, and these patches of dead tissue were soon found

cut off by an absciss layer and exfoliated. The absciss layer ffl

epidermis and mesophyll, and after exfoliation has occurred cutuw

^

of the exposed parts takes place. When a number of woundsW**
,»i

close together, a general absciss layer developed around all of t ts^

live parts as well as dead were exfoliated. In young leaves actual reg^

tion of new tissues, in distinction to the healing processes just not ^
observed. The authors discuss wound cork and other regeneration

^ ^

that suberization is due cbieny t

5 Lepeschkin, \Y\: Die Bedeutung der Wasserabsondernen
Organe

Pflanzen. Flora go : 42-60. 1902.

agreei

atmosphere.— H. C. Cowles.

Beihefte Bot. Centraib. 11 : 81-97. 1901.
7 Annals of Botany 15:533-546. 1901.
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0. Rosenberg, 8 in investigating the pollen of Zostera marina, finds that

the radially elongated archesporial cells give rise to tapetum on both sides

of the sporangium by cutting off isodiametric cells at each end. Some of the

primar sporogenous cells form sterile tissue. This is nourishing in nature and

later represented only by free nuclei between the spore mother cells. The
k»g primarv sporogenous cells destined to form microspores divide many time-

The tetrad divi-

s following are also longitudinal, and the second occur before the walls of

the first reach the ends of the cells. The nature of these divisions is evidenced
by their rapid succession and by the reduction of chromosomes from twelve
to six. The remarkable thread-like form of the pollen (2000 by 8 /ti when
mature) prevents the formation of the typical tetrad group, the microspores
*ply adhering in bundles. The solution of the microspore problem in

^tera is of special interest to morphologists since it clears away the last

reported case of the formation of microspores from mother cells without the
reduction diVision.—T. C. Frye.

V
' elumbo is certainly a perplexing form. The closed bundles, irregu-

y scattered, present a distinctly monocotyl feature; the leaves with
*toulate venation suggest dicotyls, while the flowers might be either

oty or dicotyl. The earlier observers, dealing with mature seeds,

>vm k

eSCnbed the embr>"°s of Nelumbo and of other members of the
v.j"P aeaceae as dicotyledonous. The recent woik of Mr. H. L. Lyon*

to establish their monocotyledonous character. Material for the
P»e»ent

eastern \i

"tugu ,u august, 1099, ana August, 1900, in suum-

Mississi

lnneSOta
'

Whete aCreS ° f Xeiumbo llltea Srow in the ba> ous of the

retains

nVer
'

A StUdy °* the develoPment of the embryo shows that it

^ie cot

*P
"j

encal shaPe until it consists of several hundred cells. The
>
e on then appears as a crescent shaped organ partly surrounding

"°*th. Th
ThC COtyledon now becomes bilobed by a localization of

b« radicl

C firSt foliage leaf arises on the side opposite the cotyledon.
radicle

*0rk
» do h

"a"auury and does not develop into a primary root, but tne

** whichl
y

,

SeCOndary roots arising from the hypocotyl. The only char-

emb
^ CPt thC JsymPnaeaceae among the dicotyls is the apparent!}

monocot°i fl

SlnCe Study of its development shows that the embryo is

a**,,
s J

e onous, and since the anatomy conforms more closely to the

*
>e Po'ta

' JOnS refers the Nymphaeaceae to a subseries coordinate

****• A futur

110561011^616
' Alismaceae, and Butomaceae in the series Helo-

!ei
«ion _,?

aper Wl11 deal with the development of the embryo-sac and

«

Uebcrdie

Lharles J. Chamberlain.
i*' 21

- I90i/* °llenbildunS von Zostera. Meddel. Stockholms Hogsk. Bot. Inst..

'-Yon \\ 1

^*:<^>*s/
0bservations on the embryogeny of Nelumbo. Minnesota Bot.
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It has long been known that the internal osmotic pressure of fung»
* 4 *

when the medium is dilute.

n these are grown in concentrated solutions thai

The question whether this is due to an absorptiet

of the osmotically active substance of the surrounding medium or toanac:

secretion of other solutes into the cell sap has been taken up again bym
Mayenburg. 10 That the internal pressure does not rise by mere inward c

sion of the surrounding solute, at least in most cases, was shown by Escbe

hagen, and the present author (who uses Aspergillus niger) has corroborafcd

this result by analyses of the fungus body. But in the case of glycerin tbat

is an exception to this rule, as might be expected from the great powerrf

this substance to penetrate most protoplasts. Fungi grown in concentrate

glycerin solutions are found to contain this compound in about the sase

concentration as it occurs in the surrounding medium.
An attempt was made to determine the nature of the internally ad

substances in the more usual cases, where inward diffusion plays do impor-

tant part in the rise of turgor pressure. Mineral salts and potassium sate*

organic acids are shown to be unimportant in this regard. The author**

unable to identify the active substance, but presents evidence which to*

him to suggest that it may be some oxidation product of dextrose.

The author suggests that there may be a parallelism between he e§e&

o
caused by concentrated medium. Both agencies

m
are accompanied by rise in internal osmotic pressure — B. E. Livisgst

C nfseveral valuable contributions to our knowledge of the process or

zation have been recently made by Hans Winkler." By an ingenious m*

this author was able to separate mature unfertilized eggs of the brown

^«W8r» oaroata, into two parts, the one nucleate, the otner •»» --

He observed that sperms penetrate both parts, and that after their en
^

both parts divide and produce normal embryos. Cell division,
bovver,

somewhat more rapid when the female nucleus is present. ^
Winkler was also able to corroborate Morgan's observation tha ^

nucleate portions of the eggs of the sea urchin, Echinus microti^

will produce normal embryos after the entrance of sperms. The
"

is carried further, however. If a non-nucleate portion be cut from «•

normally fertilized egg, this portion may be made to develop a

bser?*8

cceedembryo by a second fertilization. The experiment no longer

ever, after the first cleavage plane has been formed. ,

Unfertilized eggs of Arbaciapustulosa were made to develop, at

Mayenburg, Ottomar Heinsius von: Losungs-concentration

regulation bei den Schimmelpilren. Jahrb. wiss. Bot. 36 1^-V -
19°

" Win'kler, Hans : Ueber Merogonie und Befruchtung. Janrb-

36=753-775- 1901.

«•
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as the 16-celled stage, by placing them in an extract of the sperms of the same

species. The sperms were extracted both in distilled water and in concen-

trated sea-water, at a temperature of 70 , which is fatal to them. The

extract was brought nearly to the concentration of normal sea-water (by the

addition of concentrated sea-water or of distilled water, as the case

demanded), and the unfertilized eggs were placed therein. The extract as

used had a somewhat higher osmotic pressure than that of normal sea-water,

but the author shows that this is not a fatal objection to his experiments, since

he same concentration of KN0 3 , MgCl 2 , etc., produced no response in the

eggs. Neither did a similar extract made from the sperms of another species

have any effect. What is the nature of the chemically active body here

emonstrated, the author cannot yet say. He closes the paper with some
remarks upon the theory of fertilization.— B. E. Livingston.

ZACHARIAS™ has recently made another contribution to the knowledge of

lexuai cells. Chemical and morphological researches upon the sperm cells

animals and plants indicate that the cilia and spiral bands of plant sperms
correspond respectively to the tail and head of animal spermatozoa. The

lra
' band and the head are distinguished chemically by their nuclein con-

jttit, nuclein being lacking in the cilia and in the tail. Besides many animal
wnns, the author investigated the sperms of Nitella, Chara, Ceratopteris,

* la, Polvtnchum, and other plants. The various forms were treated with
^so ution of sodium sulfate (sodium sulfate 10 gr., acetic acid i gr., water

diffef

}
•

T
° th ' S Solution a little acid fuchsin was added. This sharply

^rentiates the nuclein-containing portion from that which contains no

behavj

1

'

r*
1 Sh°WS that heads and sPiral bands differ in their chemical

*'d furh

r°m ^^ and C ' lia
' When solution with methyl green instead of

-iSthe

SlniSaPPlied t0 sPermatozoa of the salmon, the head, which con-

*» h^^ becomes swollen, while the tail and middle piece become

3tain well'

e

h

rent 'ated but do not stain. The tail and middle piece, however,

mam,.! ,*
Cn acid fuchsin is used. When alcoholic material of the sper-

•atojoa °f Triton is heated with the fuchsin- andmiddle piece a
°

'

«««isely Th
n°l at a11 Swollen but become stained, the latter very

«avh^'
C head aPPears swollen and slightly stained, but the staining

bead.

and

^kportio
n0t at aU Swollen but intensely — ,

*•« to san-i,,
**?

n0t at a11 stained but is very much swollen. Zacharias was

*ell

tenn
"middle

the J I!

056^ that the middle Piece o£ Triton and the salmon
'

as

epharoplasts of Chara ^^ Wif-ll* ™r,tain ™ nnrlein. The—.uuie Diere" ;*

"Zac
variously used, but only when it is of centrosome

Gtseli 19-Jw " Beitrige zur Kenntniss der Sexualzellen. Ber. d. deutsch. bot.
3 -J' 7-396. IQQI
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origin is it to be compared with the blepharoplasts of plants. In someciai

he was able to determine that the portion of the male sexual cell which «

derived from the nucleus of the mother cell contains a larger percentage

nuclein than the nucleus of the female sexual cell. The investigations i

botanists and zoologists have not yet determined the nature of the miluesc*

that the sperm exerts upon the egg in normal fertilization, but evidence

accumulating, and the present paper adds some interesting facts in regard

the chemical behavior of the sperm cells of animals and plants. -Chaii^

J. Chamberlain.

Arnoldi'3 has made another contribution to our knowledge of mo;

ogy of gymnosperms. The previous papers of the series have already

reviewed in the Gazette. The present paper deals with Sequoia and

members of the Sequoiaceae, namely Taxodium, Cryptomena, Cum*

hamia, Arthrotaxis, Glyptostrobus, and Sciadopitys. As might be expect^

in a paper dealing with so many and such inacessible genera, the sene*

often incomplete, but the results are nevertheless interesting and impo^

In Cunninghamia sinensis there are numerous archesporial cells a
^^^

embryo sacs attain a considerable degree of development. In SeQum?\Z.
the endosperm develops uniformly, thus differing decidedly from

i
. ^

virens, in which the development at the middle of the endosperm ^
that at both ends. The archegonia occur singly or in groups, but a

numerous as in 5. semPervirens. There are two neck cells an
' ^

canal cell. In Taxodium, Cryptomeria, and Cunninghamia the arc ^
are grouped as in the Cupressineae, and have a common jac e,

times there is a layer of endosperm between the archegonia.

the neck is very peculiar, consisting of from four to eight vertica ) '

cells. Proteid vacuoles are present in the archegonium and t -^^
arise from the jacket cells. These vacuoles are not found in an) ^^
bers of the Sequoiaceae. No ventral canal cell was identlt,*

w fflV

yet be found. In Cryptomeria the upper end of the egg eco ^ <#

nous, and sometimes separates from the rest of the egg, bu

cell is formed. .

tabec^

In Sequoia sempervirens at the time of fertilization the po ^
tains two male cells and two free nuclei, one the nucleus °

â
*

and the other the nucleus of a disorganized cell which Be aje^
^ ^

sterile cell of the generative complex. No vegetative ce
^b*#

prothaiHum is formed. The body cell contains starch. «_ The j^
pollen tube presses between the endosperm and the nuc

ssineie

tubes of Taxodium and Cryptomeria behave as in the "P
^

'3Arnoldi,W.: Beitrage zur Morphologie einiger
Gymnospenn

^

Untersuchungen der Embryogenie in der Familie der Sequoiaceen.

de Moscow, pp. 1-28. pis. 7-8. iqoi.
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upper part of the egg becomes mucilaginous and presses upon the neck cells

from beneath, while an outgrowth from the pollen tube presses from above

and forces its way into the egg. In Sequoia sempervirens the round male

cell becomes elongated, one figure showing it spirally wound, but this may
aotbe the normal form. In Taxodium, however, the spiral form is the usual

one, and this is probably the case in Cupressineae also. The form is prob-

ably due to the narrow entrance, the male cell having a greater diameter
than the neck of the archegonium. The behavior of the chromatin during

fertilization is not described.

In Sequoia sempervirens the sex nuclei fuse at the middle of the arche-
onmm, then sink to the bottom and divide. Two cells are organized about

tne nuclei, and the lower nucleus divides again, thus giving rise to a row of

three cells, the lowest of which becomes the embryo, and the middle the
sspensor. The upper soon disorganizes, and at this stage the embryo
appears to consist of two cells. The first division of the embryo is longi-
tu mal. In Cryptomeria and Taxodium the fertilized egg nucleus passes

_

c base of the archegonium where two or three divisions occur.
Is are formed about the lower nuclei, but the upper ones remain free.

inree tiers are organized, the lower one or two tiers forming the
«*iyo. and the tier next above the suspensor.

tee ll

S agreCS with Strasburger*s account of Juniperus, except that the

tek ^^^ n0t described
* Cunninghamia agrees with Taxodium, Crypto-

^
k

>

an the Cupressineae. In Sciadopitys the series was very incomplete
enough was obtained to show that the embryology is very peculiar. The

c
stage found shows four free nuclei at the base of the archegonium,

DM

wisest

toseti

C

f

ae
- A later stage shows a "rosette," suspensors, and a

those neT

6

h

embryonic cells
- The lowest of these cells form the embryo,

<* Ae e h*

OVe deVelop int0 a second set of suspensors, still leaving some

le res^mb?

1110 "^ between the two suspensor systems. The figures bear

**ount the

3nCe t0 Strasburger
'

s figures of Araucaria, but in Strasburger's

**"<* is caVoff°

nd ^^ SUSpensors
'
as described by Arnoldi, form a cap

^centhe
° ' ^'^ ^ pan between the two suspensor systems— or

** the two J

USpenSOr and CaP~ develops into the embryo. Arnoldi believes

**1 Taxodium

6

^
5 °f SeqU0ia should constitute a family, the Sequoiaceae ;

* Ac
Cupressi'

rypt°meria
'
and perhaps Cunninghamia should be included

spec
'al family T^ '

^ that SciadoPi t>'s is best regarded as constituting a
X. the Sciadopitaceae.— Charles J. Chamberlain.

H. SCOTT^ h

„Q
as Polished a detailed account of the remarkable fossil

hc
**Uike fr^fi^ •

and affinitiesof f°ssil plants from the paleozoic rocks. W
* Ca

rt>omferou«; ,

Catl0nof Lepidocarpon, a genus of lvcopodiaceous cones from
qtt ^ I0nnation. Phil. Trans. Roy. Soc. B. 194:291-333. pis. 38-43-
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Lepidocarpon, of which a preliminary announcement was made in this

journal. 15 In 1897 Mr. J. Lomax found in the lower coal measures as t& ^^"™

that differed from those of the genus Lepidostrobus in that each megasf*

rangium contained a single large functional megaspore and three aborted

ones. No other Selaginella-like fossil had been discovered with fewer ;tai

four megaspores of equal size in a sporangium. Moreover, in the saine

block of stone were found many detached sporangia and sporophylls iden

cal with those of the strobilus, interspersed with seed-like bodies cleai

referable to the Cardiocarpon anomalum of Williamson. The latter

r

tures differed from the megasporangia of the cone in possessing an mte

ment and a slit-like micropyle. The conclusion suggested itself to So

others that Williamson may have been mistaken in identifying the struc

as gymnosperm seeds, but on the evidence in hand it was impossible to

them to a lycopod. In January 1900, Mr. J. Wild found a lycopod

settled the matter beyond question. The upper portion of this sti

bears sporangia identical with those attached to the cone discovert

Lomax. The basal sporangia, however, are invested by an integun

micropyle, and in all respects agree with the organisms descn

Williamson as the " seeds" of Cardiocarpon. In addition to w
mentioned, fragments and many detached sporangia have been

enabling the author to give convincing proof that certain of t e i

cryptogams bore seeds. In order that this fossil may not be con us

the Selaginella allies having non-tegumented sporangia, the Lepi<-

The*

con

Scott established the genus Lepidocarpon to contain these lycopo

A very full description of this interesting organism is given.

rangia are described as elongated sac-like structures, attached bj on

to the sporophyll. The integument consists of a cushion-like
j»

arising from the upper face of the pedicel of the sporophyll, en-

sporangium completely, except for a long slit running its fu en

^ ^
sporangium wall is like that of Lepidostrobus, but the meSaSp

|\
said to be much thinner than that of a spore destined to be

^^^
membranaceous in character, but displays reticulations,

charac

^ < , t„ cpveral instant

.

those of an embryo sac and a shed megaspore. in scvc
a<e«

thalli quite comparable in structure to those of Isoetes or e °
_eC.joa<*

found. Archegonia could not be identified with certainty.
^ ^

prothallus displays cells of quite different form occupying^
^ ^^^

region. The author tentatively suggests that they may belong r

^^
This seems highly probable to the reviewer, who has many sin

^

of Selaginella rupestris, which also is known to bear
^ ^ ^

elongated cells correspond closely to the vascular bun e ^^
stage, and the group of smaller cells near the apex of the pr<

'sBot. Gaz. 31: 279. IQOI.
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c ^s section of the young root. The dark cell at the right in his fig. 23 is

in a position with reference to the embryo that corresponds to the arche-

nium out of which it has grown. The section of the fossil shows no sus-

nsor,but in Selaginella rupestris these cells are often difficult to distinguish

from those of the surrounding gametophyte. It is interesting to note that

the transitional stages between completely tegumented and non-tegumented
eeds" have not been found. Scott suggests that the non-tegumented spo-

rangia may be arrested organisms rather than younger normal stages.
This view accords with Bower's recent studies of the sporangia of Selaginella.
owever,as detached sporangia are not uncommon in the region explored by

Messrs. Wild and Lomax, more light may be shed upon them by later study.
The points of likeness between a seed of a spermatophyte and that
a higher cryptogam are (1) the possession of an integument with a

raicropvle;
(2) a single functional megaspore

; (3) the retention of the
^gaspore, involving (4) the detachment of the seedlike organ as a whole
ai

>
its mdehiscent character. The essential distinction between the higher

2n
Pt

TmS and spermat0Ph -
vtes Jies in the fact that in the latter pollina-

jn takes place on the parent plant. This point has been settled lately

sati f

L lmg Species oi SeIaginella, but in the case of Lepidocarpon no
O evidence has been found. No microspores have been found

carp^
n

sh

the
&aPinS val ^es of the integument. It may be that Lepido-

teat d ir°

U
•

reSarded as a seed in a nascent stage of evolution, and

shed I

,natl0n occurred as in the lower cryptogams after the spores were

views held'h^ °Pini0n °f the author that this discovery in no way affects

a^d that th
*

y h,m Previ0usly that the gymnosperms are of filicineous origin,

War'ant affi

lF SeedS
T

differ to° much in detail from those of the lycopods to

%in ©f & ^
N°rdoes he think any light is thrown hereby upon the

branchof th

ansiOSPeriris
- He regards Lepidocarpon as representing a

^ntiatoph -

netl ° trCe Parallel to or perhaps convergent with the

M - Lvon
ph >'lum

>
bu t without genetic connection with it.— Florence



NEWS.

Dr. BusCxEN has been called to a professorship in botany at the Forest

Academy in Miinden.

Science for January 17 contains an interesting exposition of the ve

unfortunate forestry situation in New York.

Dr.Sandor Magocsy-Dietz has been called to a professorship in plant

morphology and physiology in the Hungarian University at Budapest.

Mr. W. W. Bailey, of Brown University, has been elected president of

the Rhode Island Horticultural Society for 1002. He is also botanist to this

society.

The Macmillan Co. announce that they are about to publish a V*

versity text-book of botany by Douglas H. Campbell of Leland Stanford I

versity.

DR. D. T. MacDouga
ana other xerophytes for the new greenhouses in the New York Botanical

Garden.

Professor John Macfarlane and a party of students from the 1

'ty of Pennsylvania spent the Christmas holidays in botanical field work

londa.

Intertf-M. R. A. Phjlippj. has been elected director of L"Academic b*
ale de Geographie Botanique for 1902. The current bulletin of

organization gives a list of members with their addresses.

r ^
TH

v?
COMMITTEE appointed by chairman Forbes to consider and repot

to the Naturalists of the Central States a plan for organization includes as

°tamcaI members Drs. William Trelease and John M. Coulter.

The seventh annual meeting of the Vermont Botanical Club was bd*

at Burlington, January 24 and 25. Dr. B. L. Robinson, of Harvard V**"
s.ty, addressed the club on « Some recent advances in the classification

*

flowering plants."

Beginning with the January nurr
Nati

Irrigation. The new jo

_

« to be more fully illustrated.

entitled For

Botan

Recent numbers of Plant World and the Journal of the Se*'

as for the preservation of our native r

172
[nn***
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and announce a gift of $3,000 by the Misses Olivia and Caroline Phelps
Stokes to further this desirable end.

J
account of the research work in the Garden. The paleobotanical library
and collections have been tranferred from Columbia University to the Garden
and Dr. Arthur Hollick appointed curator.

Professor W. F. Ganoxg has just brought to completion a new labora-
tory and greenhouse for physiology on the lines of those recommended in

« recent laboratory manual. The house is very thoroughly built, and
«]">pped to meet the needs of elementary instruction.

tk R
NEW b°tanical Periodical is announced from Ceylon, The Annals of

and ^X
BOtmiC Gardens

<
Per<*deniya. This journal will deal with pure

« applied botany, particularly in connection with the Ceylon gardens.
anges with scientific journals will be made with pleasure.

versit

R°F

^

SS0R j0H* GlFFORD
- of the College of Forestry of Cornell Uni-

nimsi

Pr°feSSOr W
- W- Rowlee, of the botanical department of Cornell

sttured'afi

5156111 ^ Christmas vacation in Cuba and the Isle of Pines. They
ne set of photographs and considerable herbarium material.

ofSir

N

!

A

H^ f0rJanUary 2 thete aPPears an interesting sketch of the life

d«eased ^'hS
1***' Wh

° d 'Cd °n December 2 3' at the aSe of 84
-

The

inv«tigatio

aS CSt kn°Wn in connection with the Rothamsted experimental
ions, which have been of great value to the agricultural world.

jwausiMeehak & Sons, the well-kha nownuave estahl' K
wm-Riiuwii nurserymen ui ru»iiuti(jiii»,

,einatic coure
* ^ ^^ emPlo >'ees an evening school of botany with a sys-

°*rof th* /
Se SUldy

'
under the direct care of Mr. S. M. Meehan, a mem-

1 ine nrm and \f tr
°* herbaceou

' Ernest Hemming, who has charge of the department
•ous plants.

^ tf/^^raAj'
NCEMENT

'
S madC °f 8 neW o e°graPhic periodical, the Jour-

the
Bulletin oft!

^ '^ ^ ^^ ° f the Journal °f Scho°l Ge0Sraphy, and

kve a special d

A "terican Bure<™ of Geography. The new magazine will

Cow!es
'Of theU

epartment of P h>togeography in charge of Dr. Henry C.

*iven to emn^
ni

y
ersit

>
r of Chicago. Considerable attention also is to be

° economic botany.
Fascicle

i f

Gently
been is

°
\

0hio fungi exsiccati, containing sixteen numbers, has

Colufabus. In ^

SU
.

b>' Dr
- W. A. Kellerman of the State University at

al descrinf '

t,0n l° the USUaI data
'
the labeI contains a reprint of the

!ended to be neTf
""* Citati°n °f the Place of Publication. This is

1 The sped
P especiall

-v to students whose library facilities are defi-

at thp u ,

"
menS are Pronounced of fine qualitv,

V̂
' the

following
Society for Plant Morphology and Physi-

ng officers were elected : President, Volney M. Spalding,
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University of Michigan; Vice-President, Byron D. Halsted, Rutgers C*

lege; Secretary-Treasurer, W. F. Ganong, Smith College. The names 4

*

Professors C. E. Bessey and W. F. Ganong were suggested to the Ameri

members of the Association Internationale des Botanistes for election a

members of the general committee when this election is held.

The Colonial Museum of Harlem proposes to commemorate, on jiat

15, 1 Q02, the 200th anniversary of the death of Georg Eberhard Rmnpb*.

who studied the botany of the island of Amboina, one of the Moluccas

many years. Arrangements have been made to issue a medal which sW

bear on one side a picture of Rumphius, and on the other a view of AmboiB.

It will be 50 mm in diameter, and can be obtained in silver for 25 florins

bronze for 5 florins. It is also proposed to issue a memorial volume.

Dr. Edward Palmer, the veteran explorer of Mexico, left Washi

January 15 for a collecting expedition in the province of Santiago, Cota-

He will obtain the usual number of sets, which will be offered for sale

his return. Dr. Palmer will be accompanied by Mr. Charles Louis

and Mr. William Palmer, both of the United States National Museum

will collect plants, mammals, birds, and reptiles for that institution. As*

party will pay especial attention to the unexplored mountains in the soutber*

portion of the province it is expected that the scientific results will be »

siderable.

pre

-**

by T. G. Hill under the direction of the editors, is announced as re*

In preparing it the aim has been to include, in addition to titles and a

names, the principal subjects dealt with in each paper, including na

all new species, all species which are described, their synonyms so ttf^

they accur in the Annals, and all species as to which original obser"

are recorded. On the other hand, species which arc not new, and *

are merely mentioned or enumerated without any description or ot *
being recorded, are omitted. Those who have lamented the abse:

index will welcome this. It will doubtless prove useful, but is ' '

"

too limited. We have been hoping that the editors would suppij

plete index with each volume.

Tom von Post and Otto Kuntze propose the publication ot a
_

liable

Generum Phanerogamarum in which they intend to supply (i) frfc*

and
- accp*

tural revision of sub-genera, families, sub-families, and higher &°*V

mg to the international code; (3) correct citation of authors since

correct modes of writing names and citations; (5) the most corapK
^

all single names of genera, both valid names and synonyms ;
(°)

'

ond part a numbered systematic list of valid genera which may sen ^ rf

arrangement of herbaria
; (7) with each valid genus name the n
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species, their geographic distribution, and the sub-genera
; (8) the names of

fossil genera corrected according to the law of priority; (9) as an appendix,
a t of names of cryptogams heretofore altered in accordance with the law
of riority.

M)i.R the pressure of increased demands upon its space the Central-
blatt fur Bakteriologie, Parasitenkitnde, und Infektionskrankheiten has been
enlarged and is issued in somewhat altered form. Part I, containing original
ntributions, will be published in numbers of varying sizes, to avoid divid-

ing a paper, a volume being composed of fifty signatures. The abstracts will
e issued in separate weekly numbers of about two signatures. Part II,

* «ch embraces chemical and technological bacteriology, instead of being
asued fortnightly as heretofore, will also be published weekly in numbers
containing two signatures, the form being unchanged. Particular importance

a ter will be attached to the summary reviews of the state of knowledge

coml

'ng CCrtain SpCCial sub
J
ects

- Reports from scientific societies and
mrnunications from bacteriological institutes will be a feature of the pro-

P^d improvement.

hasbeT
FIRST nUmber of the Botanisches Centralblatt under the new control

ationa?

r

?
Ce,Ved

' M- Bornet discusses the aim of the Association toter-

f'ves the h t

S B°tanistes: the secretary and editor-in-chief, Dr. J. P. Lotsy,

spetial edi'

St°ry
°f^ "^ association

'
wilh lists of the members and of the

ably j

°
rS journal appears in new typographical dress, which

he review
'

eS
•*'

WUh the vi&orous editorial boards in various countries,

^e Centra/I/
™^ ^ ^ m°re comPlete and satisfactory than ever before.

**, who are T
'S COnimended to the cordial support of American botan-

^ prompt ? ^
l° C00Perate w'th the American editorial board by send-

AmericJn
°
r
* Pr°per member copies of their publications. A list of

k^ary number 1*
W ' th ^ Special fieId of each

'
was P ubIished in our

iWtaniste "h ° -^ *"* °f members ot the Association Internationale

1 this aasociat*

& Un
!

ted States already leads other countries. Membership

^tralblatt fr

°n ' °
h Costs ! 5 florins (§6.25) entitles one to receive the

Cen
tralblatt

is «•
° members of the association only, a complete set of the

ni]
Price of°

-^^ ^ thC extreraely low Price of $36 >
instead of the

P*r volume. ° *
IOS

'
certain odd volumes can also be supplied at 50 cents

r ROM ADVAv
anical Garden

^ SHEETS °f the annual rePort (for 1 901) of the .Missouri

TOatn of the s

U appears that although the extreme heat and prolonged

161 * the J
1
"?"1" made &ardening operations extremelv difficult, the

. . 8ar<len wprp m r ^ 1 ... ",
, lt ."*

S the treeS ar
" WCre ComParatively small

;
however, further deaths

* SPfing far ex^

6

T
^ expected> unless the precipitation during the winter

*» making^toT \

^ avera&e - 773 new plants were brought into culti-

o 9,967. 2,948 plants were distributed to hospitals and
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schools. An active exchange has been maintained with other botani

establishments. 91,262 persons visited the garden, which was approxim<r

20,000 more than in any previous year. On each of the only two Sunday

;

afternoons during which the garden is open about 20,000 persons vi

the visitors on these two days amounting to 45 per cent, of the total number

for the year. 16,256 sheets of specimens were added to the herbaria:

nearly 7,000 by gift or exchange, 5,544 by purchase. The number of spe

mens now in the herbarium is estimated at about 365,000. The additiosste

the library number 929 books, and 254 pamphlets, making a total »
1,184 serials are received at the library, of which ior are purchased and U

remainder, issued by 643 institutions, are presented or received inexchani

The gross receipts of the garden were $125,690.73, of which >44,-|09

spent for maintenance and improvement of the garden itself.

The Comptes Rendas for December 16 contains the annual announ »
of prizes. The strictly botanical prizes have been awarded as follows

Prix Bordin to Matruchot and Molliard for their work on the action of

wert

,. -

ing and the lack of oxygen on cells, and for physiological work onW*
coccus; the Prix Desmazieres to Him for his " Monographic et Icono.

des Oedogoniacees ;
" the Prix Montagne to Maze for his work on the or?

ism of legume tubercles ; the Prix de La Fons-Melicocq to the late
_

nand Debray for his work on the algae of northern France ;

the Prix

to Patouillard for his taxonomic work on Hymenomycetes. me

in physical geography was divided between Franchet and Saint-

their work on the distribution of alpine plants. The Prix Montyon

ology was awarded to Mirande for his anatomical and physiologies

on the Cuscutaceae.
r u «ia-

Among the prizes and subjects for the coming year are the

the Grand Prix des Sciences Physique for the best work on the fonna

development of the egg in Ascomycetes and Basidiomycetes ;

tne

^ ^
• din for the best general treatment of double fertilization in the entnr

of angiosperms ; the Prix Desmazieres, open to everybody, for t e

tise on cryptogams
; the Prix Montagne for researches on tne

gams.



A Tonic Nerve Food

HORSFORD

Phosphate
When exhausted, depressed

orweary from worry, insomnia
or overwork of mind or body,
take half a teaspoon of Hors-
ford's Acid Phosphate in half
a glass of water.

imparts

strength

supplying the needed nerve food.

**> •* Druggists in original packages only
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% BUTi^Newark, N. J.

FRAGRANT

A perfect Dentifrice for the

Teeth Mouth

SOZODONT LIQUID

SOZODONT TOOTH POWDER
Urge LIQUID and POWDER

A dentist writes

:

an antiseptic and hygienic

mouthwash, and for the care and pres-

ervation of the teeth and gums, I cor-

dially recommend Sozodont. I consider

it the ideal dentifrice for children's use.

SOZODONT is sold at the stores or it will be

sent by mail for the price. Mention this Magazine.

HAUL* BUCKEI*, Sew York.

Diphtheria
r

A

prevails Winter

when ventilation

imperfect.

To insure pure air

the home purify

/to

^Tmm** & mjn
--> m

<*
. .

'

the 31pe I
1
^"

'

sinks, cellars, closets, and

U/7I#

Kb

all suspected places m

Platts
The HouseholdDi

An odorless, colorless liquid; pwerfa};«*•

and cheap; sold in quart bottles only, by

druggists, high-class grocers, and house-fur-

nishing dealers. Prepared only by Henry B.

Piatt, Piatt St., New York.
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The Standard

for Gentlemen

ALWAYS EASY
The Name " BOSTON
GARTER " is stamped
on every loop.

**:

CUSHION
BUTTON

CLASP
Lies flat to the leg—never
Slips, Tears nor Unfastens.

LD EVERYWHERE.
Sample pair,Silk 50c, Cotton 25c

Mailed on receipt of price.

*E0. FROST CO., Maktn,
Boston, Man., U.S.A.

PAIR WARRAIMTED-3PB

\

i

C&T\i\ot break*.

If dimmed
from ai\y c»use

)ou <£pf &r\ofker

w itkouf\ cKartfe

*

Made of One

Piece of Metal

without Seam or Joint.

Easy tow
•m.

WKen WW
it afeft

The jrenuine hate the name sta»H *

back. The quality is eruaranteed . .«
Our Booklet. THE STOM.OP/ <y&5i

TO*, free for the ^^^"^^^
Buttons, and illustrates the different *

KRE.HEIVTZ & CO.*

34 Cbestnut St., Nei

ADVANTAGES
exactly resemble linen -oodT T

Made
.
of fine cloth and

reversible and £ive doublf^U/ 11 dOW° C°"ars arc

NO LAUNDRY WORK
pSfig'V^k Joc°

C°&
6
- «- pairs o,

sample collar or pa.r of^xjgti*^™** ^
REVERS.BLE COLLAR CO.. DepM 2, Boston.
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Where a Small
Organ is Needed
far a chapel, small church, or convent,

STYLE 2360.

®* model is eminently satisfactory

***} moderate
* •
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A Wonderful Material

!

PANTASOTE
Waterproof-Greaseproof—Stainproof

Also Germproof and FIREPROOF ! Unlike other leather
substitutes, it contains no cellulose, rubber or other danger-
ous and objectionable sub-
stances, and is also en-
tirely odorless.

Pantasote does not peel
or crack, is not affected by
heat, cold or climate.
Looks like Morocco leath-
er, wears better and costs
half. Tested nine years
with un-
qualified
success.
Made in
plain leath-

er grains or
richly era-

bossed de-
signs, all

standard
colors.

A Piece
18x18 in.
lor 25 cents
in stamps.
Free sample
15x6 in. for
2c. stamp and
your uphol-
sterer's ad- - T
dress. ^^3?

CAUTTnvT^ °0LD MEDAl- ^ Buffalo.
CAUTION-There are dangerous and worthless imitations- *enu-
B1UTIft

lne has Pantasote stamped on goods. '
*

PANTASOTE CO., Dept, Z, 29 Broadway. N«w Yn*.
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HAPPY IS THE MAN J^g
in the pockets of the PERFECT SCRAP BOOt
frowns cloud his bro v, because he can find w* 'P*!

when wanted. For One Dollar we will sed yen*

(72 pockets) book in substantial binding. Carrie

»

paid. Nine styles, 20 cents to $5.00. Send

trated circular. Leading stationers sell

"

THE PERFECT SCRAP BOOK*

Dept. V, 150 Nassau Street, IcirW

We've a wallet size, handy far d*

pocket, sent postpaid far 25
"
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The
Luxurious

LAKE
SHORE

•LIMITED. • •

Lea

Arrives New York next
Arrives

* 5-3o p.m
•t 6:30 p.m
• 9-05 p.m

MONON
TRAINS FOR

La Fayette
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CITY TICKET OFFICE
8o CLARK STREET

CHICAGO

A. J. Smith,
Gen. Pass. & Tkt. Agent,

CLEVELAND.

F. M. Byron,
Gen. Western Agent,

CHICAGO.
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Our engraving

Of Wedding Stationery has
something to commend itself

to people of taste and refine-
ment over the common, ordi-
nary kind.

Oir Prices

Are as low as work of our
standard can be named.

We send you finely engraved
plate and ioo of latest style
visiting cards for $1.50.

Monogram and initial work
a specialty.

High class correspondence
Papers.

$ D. gftilfe $ Co.

bfUishtd 1837

140-142 Monroe St.
CHICAGO*

BARCAINS IN VIOLINS

i

to get a fin© in.
ftnunent very
^Student 5
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JjJJ *p. Concert

ftV1* matters,

JP. Note these»w examples:
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An Old Bookkeeper is Discriminating
Better take his advice and use CARTER S

Send for booklet "Inklings' -£?*.. M am
CARTER'S INK CO. - BOSTON, MASb.

Your Stationery
I

BEAR IN MIND
the fact that the most convenient place to

purchase the materials for your co"«!»»£
ence is at the University Book Store, in

Cobb Hall : : : :

An Excellent Line of Whiting's Standard

Fine Writing Papers

in all the latest styles, kept regularly in stock, both «

boxes and by the quire

Whiting's Number One Quality

Standard Linen
especially recommended for your inspection

and

A large assortment
Embossed Paper

Pads of all sizes

Orders taken for Fine fjf^
Calling Cards at Reasonable Pruts

University B00K Store



AN OUTLINE
f OF THE GOOD POINTS

the BEST
Send for Catalogue
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Smith Premier
TYPEWRITER.
ILLUSTRA.TED CATALOGUE FF*EE

.

The Smith premier Typewriter Co
•SYHACUSE,N.Y. U.S.A.

TITHY not use a clean Foonaa

Pen, one that will write td

write always, without skippi*

blotting, or scratching?

Fountain

m
the world for sixteen years, a* *

unconditionally guaranteed.

THE
ing Typewriter

OF THE WORLP

Each day has its cares
Upb
Each day has

k oprtLul pp ht

EacTd*
T
2

f|
»
i8 Pa * X** 1Each day has its cares

The Only POLYGLOT-Using a HUNDRED Type Shuttles aj^
Languages. AH immediately interchangeable. Now adds to its

tions (Perfect Alignment, Impression, etc.).

Each day has its cares

Bo ympo neuemcft o «»

Each day has IW C|*

I

its cares

6 STa^

A CROWNING GLORY
The Best MANIFOLDER, where QUALITY and QUANTITY are desired

----- — - - T ^^^^

HAMMOND
TYPE
WRITER
COMPANY

69th to 70th Street, East River

NEW YORK, N. Y.
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-THE NAME IS EVERYTHING.W

Esterbrook
« a pen

parantee

ESTER
RELIEF
a smooth

tub

ver

pen.

150

other styles

every

stationers

accept

absolute

excellence

BROOK

pointed
it.

varieties

pose

suit
. All

v e them.

no 1 substitute.

The Esterbrook Steel Pen Co
••**, Camden,

Street,

Again

again

for many years

tinder all conditions'

by countless users* the

R^emir^gton,
Typewriter

S&£&

been

tested
. supen merits

proved*
II

«r

Wyckoff, Seamans

and Benedict

New York

3?

,

ISOSED
J

ND SERVICE

IXON'S

A

V

AMERICAN

ENCILS
JP"fecti„n of materia]s

;™a"sh> *at en-

""*«
'"its cf^

and «* the

5S PEfKT.ON

'-

finable
*> cents fr

•"^""on

***H f»v
»mpfes worth double

,N CRL'CIBLE CO 1C M>
» J*«ey City, & J.

The New Model

M
MO

Than Any Other Typewrite r

Our free Booklet tells what it has that is

new to Typewriters

Bali-Bearing Throughout.

/-. 309 Broadway

Densmore Typewriter Co., New y«*



Comfort in Trot) E

Detroit Night
Leaves Chicago 9.35 p. m.
Arrives Detroit 7.15 a. m.

will be found in high degree on the fast

trains of the MICHIGAN CENTRAL.

New YorR and Boston Special
Leaves Chicago 10.30 a. m.

Arrives New York 1.30 p. m., Boston 3.00 p. a

Fast Eastern Express
Leaves Chicago 3.00 p. m.

Arrives New York 6.00 p. m., Boston 9,00 p. a

New York State Special
Leaves Chicago 5.30 p.m.

Arrives New York 8.45 p. m., Boston 11.30 p.m.

Atlantic Express
Leaves Chicago 11.30 p. m.

Arrives New York 7.00 a. m., Boston 8.46 a. a

Through Pullman Sleeping Cm

The Dining Car service

is noted for its excellence.

R. H. L'HOMMEDIEU,
General Superintendent.

Adams Street, Chicago.

O. W. RUGGLB,

General Passenger and T

THE UNIV TY O
Contributions

H IC AG PR £55

to Education
Chirf™

ltAPrErYEY^ Pressor and Head of Department of Philosophy in ^J^gg*Chicago, and ELLA FLAGG YOUNG, Professor of Education in the l/n.vers.ty of u<**~

Wo. 1.

The series ac o «,t»^i- -:__ „ . ---'- distinction n^32
i«"reicsionnehindami»nMl «,;—:~i :«..~li—^ ti.-«* AflnrinlM are aenvcu **~—

.;

-TCrttlt -

contemporary

enthusiasm .™c I .
oenect the union of educational theory and practice w

«Ji"-L^:J^c «h«tation, and abstract theorizing. It endeavors to bring the diu

;^-
S

i °l-i
he fu

?damental Principles involved. These principles are <^*S!"l£es m
social philosophv, and are stated in a simple and non-technical manner, in* *
to touch with what is vital in contemporary educational philosophy.

FLAGG

practice

cholosv and
y*

.-

No. a.

Ho. 3.

ISOLATION IN THE SCHOO
izmo, paper, net, so cents

PSYCHOLOGY AND SOCIAL
J2mo, paper, net, 2j cents

THE EDUCATIONAL SITUA
T2mo, Paper, net, so cents

By ELLA
postpaid, 55 «**

}

0W0
By JOHN

postpaid, 28 cenU

BV JOB*
D0i

tcstpaid, 55 «*U

224* 'S£ ^Th"* noted
I
abo'= «e now ready. Thewarcn i, 1902. They are as follows

:

will be
**»*

No. 4 ETHICS IN THE SCHOOL
12mo* 6a.6*v *,*+ ~*> a.

v ELLA FLAGG I

postpaid, a ct**

Wo. 5. PSYCHOLOGICAL ASPECTS OF THE SCHOOL CURRICOWJ"
I2mo+ i>a&*r *,** <+- ... postpaid, 28 cents By

FLAGGNo. 6. TYPES OF MODERN EDUCATIONAL THEORY By fj*
4***J2mot paper, net, 25 cents - - - postpaid. & _

rrzee for series on one order to same address,

f

Sale by

or the versify Chicago ft
A>#
VV*

-*
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Dining Cars

Service Carte

*P»@S

OSES are always

delicate chin

tables

add to the pi

cooked an

of a d

daintily d

All the Season's Delicacies
at Very Moderate Prices

"
'

l x L L
I

UK 8,000 miles of rail-

road reach out from

Chicago, Peoria and

St. Louis to all the important

cities in the west and north-

west such as

ST. PAUL
MINNEAPOLIS
OMAHA
KANSAS CITY
DENVER

If you are going to any of

these places or to the Pacific

coast, kindly let me send you

time tables and other informa-

tion about our train service.

P. S. Eustis,

GenU Pass. Agt., C. B. & Q. R. R*.

CHICAGO, ILL.

ME*33

k^ftVafTftsf*

TH E CONNECTING LINK

ANDAST
BUFFALO
DETROIT

I
fast

T°LED0 I
Tra,ns

WEST
CHICAGO
ST. LOUIS

TV

Free
Reclinin Chai r

0n a» Wabash Tr

Cars

t
A.

C

Sdr&riTSs mb
?
ut »y trip

S ^NEo ; °

Ag't

Ajr't

Bl Four Route

FROM
CHICAGO

TO

Indianapolis, Cincinnati, Louisville,

the

South and Southeast.

DIRECT LINE TO

Asheville, N. C, and Florida.

THE SCENIC LINE TO

Virginia Hot Springs and Washington, D.C.,

via the Picturesque

CHESAPEAKE & OHIO R'Y.

W. J, LYNCH, 6.P. Sl T. A. W. P. DEPPE, Ass't G.P. AT. A-

CINCINNATI, O-

J. C, TUCKER, G.N.A. a34 Clark St., CHICAGO



Largest Camera

the World

BUCKEYE CAMERAS
ARE LOADED IN DAYLIGHT WITH CARTRIDGE FILM

No. 1 Buckeye, 3% x Z% ; 6 Exposure Film
No. 2 Buckeye, 4 x s ; 6 or 12 Exposure Film .

No. 3 Folding Buckeye, 3tfx4fc; 6 or 12 Exposure Film 15.00
No. 4 Folding Buckeye, 4x5 6 or 12 Exposure Film 20.00
btereoscopic Folding Buckeye, 3# x 4# . 25.00

Werecommend NEW AMERICAN FILMfor hand-camera work

CAMERAS of all kinds and a complete line of
PHOTOGRAPHIC SUPPLTFS r—i—- •*_

WAS CON'STHCCTED B8PK<-

BT ORDER OF THX

J5.00

8.00

THE ALTON J;""™^,*ENOl 2C. STAMP TO »E°
H7CA90.BU

O. P. A., O. * A. »*"-%*T^S^,P "

MAOHI3TX.

p,

Something IRew in pbotoflr
THE POCKET STEREOSCOPIC 50L00RAPH

C j

Compact

Convenient

Prod***

the!****

work-

% * CAM
i. It makes
2.

J

3-

BK DONE WITH IT?

THE

t! ™ i

stereosc°Pic photographs on a 4% *6'A plate.
It makes two single A% x 3# photographs of different vi
It makes, with change of lens, photographs 4* x6H in size

on a .tf^KJ**-

'

SCOVILL
Write for circular.

& ADAMS CO of
f

t
V

.

M



\
:•

.

\

m

m

Aiarf Oribuy Binocular. Field of STEREO Binocular.

Bausch 4 Lomb-Zeiss
STEREO Binoculars

l vV

wd

T"' ^"P-to-date tourists, sportsmen, yachts-^ nnchmen
-
beca"se they are the most perfect
optically and mechanically, have
immense field of view, power,
and give, as no other glass does,
a STEREOSCOPIC image.

fcasch 4 Lomb Prism Binoculars
dEw ex

u
cel

!

e
,

nce
-

Cost lei*.
^npt.ve booklet mailed on request.
SOLD BY ALL DEALERS.

?*«sch & Lomb Optical Co.•** 10CHESTER. N.Y. Lt^

'**fe

Bausch 4Lomb
-

Plastigmat f

The Perfect Photo Lens, as the above picture made

with It shows, is fast enough for the fastest work,

and in addition, has the proper length of focus for
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THE RHEOTROPISM OF ROOTS.

Frederick C. Newcombe.

(with FIFTEEN figures)

A. INTRODUCTION.

I. HISTORICAL REVIEW.
Jhe first author to write of the influence of streaming water

'» meeting plant movement was Strasburger, 8 who worked with
creeping plasmodia of the Myxomycetes. Several years

«er Stahl 3 devoted some time to the consideration of the same
u

lec*- Jonsson/ however, the year before Stahl's paper
Reared, published the first research on the behavior of roots
** stream of water. Jonsson used seedlings of Zea mays, Triti-

ond

^U âre
'
and Steak cereale, finding both primary and sec-

au
^ roots bending their tips against the stream of water,

foiMh^
all

"
V the horizontal position, no matter in what direc-

ts h

r°°tS

-

WCre placed when first immersed. The author

o^J
l at

.

a similar result could be obtained with the. roots of
sPecies of plants, but he does not say what other plants he

: VVY I

T

**g»n.
ontnbution from the Botanical Laboratory of the University of

*lk
' btu<iien liber das Protoplasma. Jenaisch. Zeitsch. 10 : 406.

«* Biobgie der Myxomyceten. Bot. Zeit. 42 : 145- 1884.

•^Men'theil^p
^ 11116 Einfluss stromenden Wassers auf wachsende Pfianzen

* (Rheotropismus). Ber. Deutsch. Bot. Gesells. 1 : 512. 1883.
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used, if any. Jonsson suspended his seedlings with their rocr

immersed in water conducted from a hydrant through a troui

In 1896, I read before the American Association for the

±^„ w v . «-w~ ~ r-~- —j exten

experiments on the rheotropism of roots of seedlings. Aa

abstract of this paper was published the same year in e

Botanical Gazette, 5 as well as in the Proceedings of the Americas

Association for the Advancement of Science, and was briei?

Ji
whollv to

I

have escaped the attention of the two authors soon to be rnentione.

In the preliminary account just cited, seventeen species of pla:

were reported, eight of them showing positive rheotropism. a

nine showing no response to the streaming of the water,

shown that definite relations exist between velocity of flow an

response, that the latent period is influenced by various facto

of the environment, that many roots are not responsive

stream of water, that all roots which did respond were posi

that there are various degrees of sensitiveness in di <&

species. Some attention was given to the nature of the sttnm

and it was suggested that it might be found to be pressure.

Very recently two authors have published papers on t e >•

ject of rheotropism. Berg 6 used the same apparatus

Jonssnn pmnlAVArl inrl innfli^r «*/\fi«i«tin & of a basin

rheotrop
which he revolved seedlings fastened to a disk, dv in

^^
he found the roots of eleven plants to be positively

^
while the root of Glycine hispida gave no response, thoug

^

three roots of the last species grew suitably for reco u

devised a still better apparatus for securing streaming
_ — tfcW, „rr„.„v— -~- --- ~

a ;Ven a rotafy

this consisted of a basin, to the water in which was g ^
motion by a jet of water discharged in the basin in ^ ^
direction. Berg found the latent period of several r ^
nite temperatures, and noted that the rheotropic cu ^
the third or fourth millimeter zone from the apex o t

sNewcombe : Rheotropism and the relation of response to stim» ^
22: 242. 1896; Proc. Araer. Ass. Adv. Sci. 1896 ;

Bot. Jahresb. 24 •

6 Berg : Studien uber Rheotropismus bei den Keimwurzein a

Universit. Arsskr. 35 • : no. 6. 1899.
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Juel 7 made use of the same apparatus that I had described in

my abstract in 1896— a revolving basin of water in which the

roots of seedlings were immersed. He worked with only three

plants. Zea mays, Vicia /aba, and Vicia sativa. The first two
were found unsatisfactory, being irregular in their response,

while the third was used for most of the results recorded. All

three species were found to be positively rheotropic. No cer-

ain evidence for negative curving was found. The positive

response for Vicia sativa was shown in velocities of current from
36" per mm per second. The maximum and
mnimum limits of velocity were not fixed. J
a so with the location of the sensitive area, covering some root

ty* with collodion caps and decapitating some roots. In both
cases he obtained responses in the streaming water, and con-
C that the whole of the growing zone is sensitive ; whether
1 « root-tip is sensitive was not determined. As to the nature

^e stimulus inducing rheotropic bending, Juel could not

r

•
When he placed thin cylinders of collodion over his

^ts, the roots curved as before. He concludes that the stimu-

li! ^ pressure
'
bu t suggests that the collodion may have

1

* e a sufficient stream of water to pass through to give the™ stimulus as when the root is naked.

Plish

G SCen *r°m tlle *oreg°mg narration of work accom-

trn,v-

at e are vai"ious questions connected with rheo-
uopism still .

n

ealt wi h
answered

- Some of these questions will be

JWeato h"
thC followino pages. Especially will attention be

|je ..
e dlstribution of rheotropism among phanerogams,

01 root 7
eneSS of roots other than primary, the sensitiveness

curfew
°,

°lder Plants » the relation of response to velocity of

anrf >ul
C Iatent

Perjod, the localization of the sensitive area,^»u reofth7Z'u us.

T,
II. METHODS.

e
J°nty of plants used in these experiments were seed-

Th

E-t

rklL , v
Seeds wefe planted in white pine (Pinus Strobus)

34 : 5°7- tQo

r

o

UChUngen UbCr dCn RheotroPismus der Wurzeln. Jahrb. Wiss.
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sawdust. It was found that any other sawdust at hand would not

give straight roots with several of the species. Wh

lings had attained a suitable length, they were removed from the

sawdust, fastened to bars of white pine, and the bar was tha

suspended with the roots immersed in filtered tap-water. The

method of fastening the seedling

to the wooden bar is so simp

and so preferable to the common

practice of pinning, that it m;

be worth while to illustrate it

«

fig. /, and to detail it here. A

bar of wood differing in diameter

ording to the size of these*

ening to a bar of wood with blotting lings used is clamped in a

Two strips of heavy blotting paper

and width of the wooden bar. »«

Fig. i.—Seedlings of Raphanus

sativus, illustrating the method of fast- 3-cc

paper and rubber bands.

are cut the same length

these two strips are dipped in water, and then lai
, °^

covering the other, on the upper side of the wooden
»J

a rubber band is slipped on over one end of wood an

^r
'sed with the

eedling
ting paper. The upper strip of blotting paper is rai

fingers of one hand, while with those of the other a s

inserted between the two strips of paper and deposite

to the rubber band. The upper strip of paper is then o»

^
upon the other, another rubber band slipped on, so

seedling is held between the two pieces of blotting pape
^

rubber bands, one on each side. The upper piece ° P^
j,

again raised, another seedling inserted, and so on i

dlir -

atutf-

full.

The great advantage of this method of suspending

is seen in its avoidance of all trouble from Sachs s

The eptcotyl or hypocotyl is left free to '

see

s curv

arry
this

cur

'

s implicit}'
*

without changing the direction of the root. -t"e
_,ki«*8 S

thod for various

ji: nCrs tt'h°*

For seedling-
•'!! supP

roots are to be immersed in water, the blotting paper

rapidity of preparation commend this me
of experimentation besides rheotropism.

urz.
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a suitable amount of moisture, if it is allowed to touch the sur-

face of the water. The wooden bar is whplly unobjectionable if

of white pine. I have always taken the precaution of immersing

these wooden bars for twelve or more hours in running water

before using. I have tested a score of species of seedlings, and

have never been able to discover any disturbance of growth hav-

ing its source in the wood. A heavy bar of glass, with a plane

surface for the seedlings might be substituted for the wood.

For many kinds of experiments in which roots are to be

immersed in water, it is advisable, as here practiced, to allow

be preparation to stand with the roots in water for twelve to

twenty-four hours before beginning the experiment; for, with

the seedlings of many plants, a few or many roots undergo curves

or distortions when placed in water. In my experiments all roots

which had deviated from the vertical direction were removed
Wore the streaming of the water was begun.

In most of the experiments here recorded, a flow of water was
secured by revolving glass basins full of water on horizontal

Klinostats and centrifuges. The centrifuges were turned for some
experiments by water motors, and for others by an electric motor.
he latter gave a constant rate of revolution, so that with it the

c ect of different velocities could be studied. The apparatus,
CXCept the motor, is shown in fig. 2. Juel states that in a similar

giving basin which he used, he found the current deviating from

in

C tanSential direction, due to the disturbing effect of the oppos-

ing
'roots. To overcome this difficulty he divided his large basin

JitV

t0 f°Ur COncentric compartments by inserting glass dishes, one

av

m the other
- In the most of my experiments, I suspended

S

cTh
llngS al°ng but 0ne diameter

>
while Juel suspended his

croj \
diameters. There was more reason for irregular or

bJn's^T— ^
HiS basin

'
therefore

>
than in mine

-
1 have USed

andivid d

Vided int° three concentric compartments, and others

1 mad

C
'

and °btained uniformly the same results with both.

atin!

SeVeral teStS hy observing the

aion

80 movement

at the^fl

117 n°n "divided evolving basins, and assured myself
e no* as it met the roots was practically uniformly
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tangential. To avoid the disturbing effect of the light and change

of temperature, the experiments were, in most cases, conducted

in a dark room whose temperature was regulated to a variation

of less than 2°. The lagging of the current was tested empiri-

cally by suspended and immersed particles, and found in a

partsofthe basin to amount

to less than I per cent a

velocities of less than

thirty revolutions per min-

ute. In the data given ia

paper this small re-th

tardation will be neglec

ted.

Besides the revoivit

basin, a narrow woodefl

trough was sometime

used. The water for th:

was obtained from a hy

50C

drant, and was pas

through a gas-heater be-

fore being conducted to

xpen

tlG. 2.—A centrifuge and a preparation
of seedlings of Brassica campestris raised
above the water. It will be seen that most of
the roots show rheotropic curves of 45 ° or over,
half of the curves being in one direction and
half in the other, corresponding to the direc-
tion of the water-stream on opposite sides of
the basin.

the trough. A few

ments were made dunfi

the night in a brook flow-

ing through a deep »**

Various methods em-

ployed in the study*

lemICU1 would best not *

given here; they •*

found in the various *

tions of this paper-

in. GENERAL PHENOMENA.
menofl m

The general appearance and progress of the pheno

rhetropism in roots are as follows: When plants rheotrop
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sensitive have their roots immersed in a current of water of suit-

able velocity, the roots bend with a greater or less angle against

the stream, thus opposing the mechanical effect of the streaming

water and the response to gravitation. The angle of curvature

in this rheotropic response, as in other phenomena of irritability,

is in the growing zone, and there is a definite latent period and

after-effect. The angle of curvature in sensitive plants ranges

from a few to 90 , thus bringing the tip of the root into the hori-

zontal position. Rheotropism of roots is not a general phenome-
non, and great variation in the degree of response is displayed
by different species.

B. RESULTS WITH SEEDLINGS.

I- DISTRIBUTION AMONG PHANEROGAMS.

I. tperiment.

everyone who has made any considerable number of water
cultures with seedlings has learned that various species or varie-
«s produce in water only badly contorted primary roots.

lously such plants cannot be used to any great extent in

fid/

U
"

V ° f rrleotroPlsrn
- Zea mays, in the four varieties of

worths
SWCet C°rn em P,0yed -

sh°wed itself to be practically
ess for experiment with primary roots. The variety of

,*/, r°T
USed was a Western dent; and of sweet corn, the White

c<*>,Earv ilk*. .

One hundred and twenty-
four H

•

"' rtim <-/<" colony, une nunarea ana rweniy-

tjjem .

uals of these four varieties were grown in water till

Qone of" k°°

tS "^ fr°m
* feW millimeters to 5

cm in len£th '

and

roots 1

produced in still water 30 per cent, of straight

ve th"

many cases the tip of the Primary root was lifted

^ward
Water

' ^ °thers
'
the root Pursued a zigzag course

r
I while in others the direction was an irregular spiral.

'!• IS Wnril. _ . .
3 1

*bo

ietr

J

to some e
^ erratic Zea mays

^
and Juel emPloyed lt

x^ lame
CXtent

' A11 three authors, however, call attention to

tach thatTh

116^ ° f contorted roots formed. My own results
e relatively small number of straight-growing roots
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-

of Zea mays (field and sweet corn) are feebly positively rhe

tropic.

Phaseolus vulgaris, P. lunatus, and P. multifloras produce ia

water better roots than Zea mays, but still show a large percec

age of contortion. It will be seen later on that these roots arc

not rheotropic.

Tropaeolum majus, Pisum sativum, Vicia sativa, and Lithym

odoratus also produce many poor roots in water, though 40 i*

cent, to 80 per cent, will grow straight.

2. Plants insensitive to a stream of water.

Of the thirty-two species of plants tested for rheotropisn

fourteen have shown themselves insensitive to the water-stream.

These distribute themselves through nine families; while tfc

rheotropic species number eighteen, and are distributed over

families. This result shows that rheotropism of roots is not a

general phenomenon. In the narrative of experiments which a

to follow, only those details will be given which are

to show the basis of the conclusions reached.

necessary

Three species of water plants, Potamogeton perfoha

w
canadensis, Ranunculus aquatilis, were brought under exP

enm
^

as follows : From vigorous individuals, apical portions
-*

cut, rocm or more in length. These cuttings were secured m

upright position to thin glass rods, by tying with threa .

^
the glass rods were then fastened by rubber bands to a V

^
wood 20cm in length, which was suspended in the honz°V
diameter of a suitable cylindrical glass aquarium coaW*^
water. The bar of wood was wholly above the water, a»

lower parts of the glass rods with the plants were sU°^
Several aquaria, thus prepared, were set in a south win o*»^

the lower ends of the plants were screened from the dire^
^

of the sun. Within a week all plants had sent out se**
^

many adventitious roots, the general direction of w *
^

vertically downward. The preparations were then pl'"^

centrifuges, and the aquaria revolved, while the plants vve.-

at rest in the vertical plane of a diameter. The glass ro -

vver

?
o
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to a greater extent, the plants themselves, necessarily disturbed

the flowing of the water. But the plants were not more than
five in any aquarium, and hence were well separated from one
another. Moreover, after the disturbance in passing one radial

row of plants, the stream had a full semicircle in which to com-
pose itself before meeting the other radial row. A practical
test, made by suspending algal filaments to the roots and watch-
mg their trailing, showed that the roots were met by a stream
with a constant direction.

rive plants of Elodea were used, and these produced eleven
roots in all. Two roots were in streams of a velocity of 628cm

Per minute, not allowing for the lagging; two in streams of

Mi per mm.; and one in a stream of i62cm per min. The
revolution continued without interruption for 60 hours, and the
temperature of the water varied from 24 to 28 . These eleven
roots showed considerable nutation, but none gave any curve in
response to the stream, the resultant position of each root being
vertical

The total
nun*

P°tam0geton Perfoliatus ™ r.__ _. .... „.
raT"

^ r°°tS formed was 48. They grew well in streams
^ging m velocity from 200cm per minute to 628cm per minute.
-^btant revoluti°n was maintained for 56 hours in a tempera-

ror!

Varymg fr°m 24 ° to 28 °' but no curves resulted. The

I
WCre wholly indifferent to the stream.

aquahlis was represented bv four individuals,
*nich d

a(iuan"s was represented

ft hour^
610^ 11 tCn r°°tS in al1

-
The revolution continued for

a str"

n a temperature of 24° to 28° in water with the roots

WedT™
Vel°City

° f l88Cm t0 284Cm
Per minute

-

The r00tS

stream

C

~
nSlderabIe nutation, but no curves in response to the

011 throu h

nUtati°n
'
like that in Elodea, consisted of oscilla-

N in l
Ug an arc often of 45° on each side of the vertical,

e n?3 t; n

t resuItan t the roots advanced straight downward,
'siting seven 1

•

lent
- In h

centimeters during the course of the experi-

^ point
°
r Gr tC> Clear away an>' 9uestion that may arise at

*aybe sld
^ suitability of the velocity of stream employed.
that all of the plants which have shown themselves
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rheotropic have been sensitive to streams of the velocities given

above.

From the results obtained with these three water plants, we

may infer that rheotropism is not a general phenomenon with

such plants. Possibly it may not be found in any water plan

It would seem to be of distinct disadvantage for such plants to

be rheotropic in their roots. For only by insensitiveness to the

flow of water can the roots the most quickly find the solid sub-

stratum.

Allium cepa was tested both in the bulb and in seedlings

The bulbs used were of the variety known as " multiplier." The

were suspended so that the lower end dipped slightly into the

revolving dish of water. Three periods of revolution w

tried— 9 hours, 24 hours, and 37 hours— with the temperate

ranging from 16 to 23 , most of the time being above X

The velocities of flow ranged from ioocm to 250
cm per minute.

The number of roots growing well was twenty-eight, and these

were most of them 2cm long when the experiment began.

one of the three experiments eight roots bent positively, or

negatively, and two grew vertically downward. In the t*

other experiments, one root bent negatively 9O ,
while the six

teen others grew in a vertical plane or showed no deviation

caused by the current of water. It would thus seem that^

roots from the bulb of this variety of the onion are either
•«*•

sitive or at most but verv slightly sensitive rheotropi

wenty-three seedlings of the onion were tested m

ranging from 7c cm to 6oocm per minute, there being conni,
""T

mml,,^. t~. .0 t._ . :. ..... t », c° None do-

insen-

cail.

strean

nuo*

revolution for 38 hours, at a temperature of 23.5°. w

ated from the vertical direction, though all grew well.

Nasturtium officinale

pur

r H- seedte1
-*

suing a remarkably straight course downward, rorn
^

with roots i
cn

> to 1.5™ in length had their roots subJ
ecte

tempera^
minute

-

20.5 to 24.5 , velocity ranging from ioocra to g00
cai

P
er

All grew vigorously and vertically downward. nfthe
£>„••_ .

J
. . . ._ :„ mater.

Ul

ght in water.

H



1902] THE RHEOTROPISM OF ROOTS 187

twenty -three seedlings used none curved in the water stream.

Ten roots were in revolving water for 20 hours, and thirteen

other roots for 48 hours, in temperature from 19 to 24 , in

velocities from I50cm to I200cm per minute, without one curve of

any kind appearing.

Quercus alba was hardly sufficiently tested. Only six seed-

lings were tried, and no root of these was rheotropic. The
duration of the experiment was 48 hours, the roots elongating

to 2cm in that period. The velocity of the current was 225
cm1

to 6ooc*
per minute.

Cucurbita pepo and Citrullus vulgaris grow primary roots very

straight in an environment of water. Of the former species,

forty-four seedlings have been used in five different experiments,
which the water temperature ranged from 17 to 23 ,

the

velocity of current from 1 50cm to 2000cm per minute, and the

"ration of the experiments from 13.5 hours to 9 days. In none
°f these was any deviation from the vertical shown.

n Citrullus vulgaris thirty-one seedlings were employed in

fee experiments, the water temperature in two being 21° and
'Dt ethlrd 24 . The revolution of water lasted in two for 17

fr

°UrS
'
and for the third 24 hours. The velocity of current was

torn iooc» to 1300™ per minute. Only three slight positive
jrves were formed. In such a very slight result it may be

and h
^^ the bendin

eT was not a response to the current,

dl

nCC Cltrullus vulgaris may be accounted non-rheotropic.

and D
Ueolus vulgaris, P. lunatus, P. multiflorus, Glycine hispida,

the J tchoslablab have all shown themselves non-responsive to

Dolich°

W,ng
°
f WatGr

"
The three sPecies of Phaseolus and

stra
|°°S Produce many crooked roots in water; Glycine mostly

tove b

r°°tS
"

In a11 these exPeriments the contorted roots

tnemsei*

11 eX°luded from the results, and only those showing

water

CVeS Straight after standing for 10 to 24 hours in still

est nvl^r
USCd Subsec

l
uently in the flowing water. The small-

Pkc

ten,
and the

seedlings employed in any species was

-*Peratur'

geSt f°rty "seven
'
with a total of x 37- The water

Ure «n some cases was held constant throughout the
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experiment, and in others varied from 17 to 25 . The period

ranged from 8 to 36 hours. Dolichos showed a very few roots

inclined positively, and it is possibly rheotropic in a very low

degree.

3. Plants with a low degree of sensitiveness.

It has already been intimated that the roots of the bulb of

?pa, and the primary roots of Dolichos

P >sitively rheotropic. It is quite certain that the prima:

roots of the seedlings of Vicia faba, Lathyrus odoratus, Lujrim

albus, and Tropaeolum majus are positively rheotropic, but on!

in a comparatively low degree. Juel, in several tests with

seedlings of the small-seeded variety of Vicia faba, had trouble

in controlling the Sachs's curvature. He obtained van .

responses and a considerable number of non-responsive roots.

He finally concluded that the roots were rheotropic, and bent

more readily when so placed that the median plane of the seed-

ling was parallel with the current rather than transverse.

My own experiments were not troubled with Sachs's con •

ture because of my method of securing the seedlings, and ml

results agree in a general way with those of Juel, though OJ

plants were mostly of the variety known as " Windsor broa •

Apparently, however, this variety is less responsive than t *

used by Juel, since, as will be seen, the Windsor broad sbo*

many individuals as neutral, while it would be inferred m

Juel's narrative that very few of his roots were neutral.
|

*

among thirty-seven selected seedlings in four experiments v

revolving basins of water, water temperature 19° to 23 >
v

•

of current ioocm to 2500cm , seventeen grew positively,

negatively, and seventeen were neutral. In two exP
er,inen

r^s

each of which nine seedlings were suspended with thc
*[

dipping into a brook of water in a wooded ravine m i u

^
the average temperature being about 23 ,

all e^W^ {0 f
remained vertical, though increasing in length from * ^
in the period. In the one experiment the period was 24^ ^
and the velocity 45o

cm per minute ; in the other, the p«n

fourteen hours, and the velocity o,oo
cm per minute.

.'
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In a variety of Vicia faba with seeds i.5
cm long and i

cm

broad, perhaps the same used by Juel, twelve seedlings were

placed under experiment with the revolving basin, water tem-

perature 21
, velocity 300cm to 750

cm per minute, and period 24

hours. Six roots then showed positive curves from 15 to 90 ,

and the other six were vertical.

As to the relative degree of response shown by the seedlings

when the median plane is parallel to the current of water and
when the median plane is transverse, my results, and probably
those of Juel, are too few to account as of great importance.
In one experiment with six seedlings, with the median plane

transverse to the current, four roots out of six responded posi-

t'velv, the greatest angle being 30 . In another experiment
with ten seedlings, the median plane being parallel to the cur-

rent, eight roots bent positively, two of them reaching an angle

•
In a third experiment with twelve roots, out of nine

*»th the median plane parallel, four bent positively, while out

ree with the median plane transverse, two bent positively.
us lt is shown that the root will respond to the water meetin©

ce.

!

Jt onanypart fitscircumferen„.
e low grade of responsiveness of Vicia faba to a current of

water i« cksnown not only in the fact of approximately 50 per

pro

' ° the roots remaining neutral, but also in the exceedingly
F racted latent period, and in the small angle attained in most

• inus m the experiment with the twelve seedlings of

root

8"31 Seeded Vicia faba with a water temperature of 21°, no

posiLT
Ved

'

n thC fim
5 hoUrS> In 8 h°UrS f°Ur had curved

g ho^
ey

'
ln l6 h°urs five had curved, and within the following

foots i T
6 m°re Curved - ° f the twenty-three positively curved

heater" h

Va
[
ieties of Vicia faba >

onl )' three attained angles

curvJ
t 3n 45 ° deSrees from the vertical. The majority of

ves were below 30 .

tics
- K^°d0ratns and LuPim*s a/bus are, at least in some varie-

Berg. ^f7 rheotr°pic. The latter was found rheotropic by

Srowino
° theSe sPecies produce fairly straight -roots when

« l" water. With water temperature from 21 to 24°
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during a period of 24 hours, only three roots curved out of

fifteen seedlings of mixed varieties of Latnyrus odoratus. In

another group of twenty seedlings, in water temperature of 20

to 22°, only three or four weak curves showed after 24 houi

Of
but fourteen good positive curves showed after 48 hours.

the others, two were negative and four remained vertical. In

a small-seeded variety of Lupinus albus, at a water temperature

of 27 , sixteen seedlings in the revolving basins of water gave

no curved roots during the period of 29 hours. A later experi-

ment with a large-seeded variety, temperature in the water being

Mtiv

0"

erimen'

1

7

to 23 and the period 25 hours, gave twenty-two positively

curved primary roots in a total of twenty-four. Each of the

curves attained an angle of 45° °r over. The velocities employed

in the experiments with

to 5oocra per minute.

It is evident, therefore, that both these species have sensitive

primary roots. Whether the varying sensitiveness observe »as

due entirely to the different varieties, or, in part, to temP
erat

^'

to different seasons of the year, or to some other condition.

^
not determined. Enough testing was done to show that 1

not due to difference in the water used in the experiments.

Tropaeolum majus behaves badly in water, 25 pe
^.men[

per cent, of the roots becoming contorted. In two exp ^^
with a total of thirteen straight roots, the period of rev

^
o u the tciflP*"

for one being 12 hours, and for the other 18 hours, u
^

.

ture of the water being 22° to 23 , and the velocities^ r^

from 225cm to 62 5
cm per minute, no roots responde .

^

experiment, same temperature, velocities from 1

pcared

per minute, twenty seedlings were used. -N° cu -^
for 6 hours ; but at the end of 30 hours, fifteen 0.

roots were positive 1 5 to 19 , while the other five wer^^
vertically downward. The secondary roots %ave

^jrecttoo

response. There was considerable irregularity in
^

of growth, but, at the end of the period, the e ^^
roots showed plainly that this species gives a

reaction.
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4. Plants with a high degree of sensitiveness.

It has already been stated (p. 183) that in 134 individuals of

(our large-fruited varieties of Indian corn so many primary roots

grew contorted in water that these plants are wholly unsuited

(or experiment. At the same time it

• to be remembered that Jonsson,

Juel found Zea mays

rheotropic, though none of them states

ie variety used.

If instead of the large-fruited varie-

of Zea mays we experiment with
the dwarf Zea mays, with the white
popcorn, we shall soon find this variety

primary root highly sensitive to
a current of water. Quite unlike the
contorted roots of the field and sweet
corn, the primary roots of the popcorn
"early all grow straight in water. In
a total of seventy-nine seedlings in
elocities of water of -- cm

m its

25 to IOOOcm

1*' minute, period 36 hours, and water
temperature 19 to 23 , fifty-seven pri-
mary roots showed positive curves, six
neg«.ve curves, and sixteen roots

Fig. 3— Zea mays (popcorn).

End view of a row of ten seed-

eutral. A few of the negative lings after being in the water
urv« were doubtless caused by the stream for u hours. The gen-

1 ~ eral direction of the roots is^hanical effect of the strongest cur-
Ployed. The percentage of

^>ve roots is here made but seventy-

**«*T
tHe Same as that of Vi

'

cia

bv the

man>' of the angles attained

"r.a

in

90

J-

r°°ts of the popCorn approxi- „
n from the vertical, as shown in Position by packing °f COt

more than 45° from the verti-

cal, and the tips of several are

nearly QO° from the vertical.

The drawing shows the actual

size of the preparation, the

seedlings growing from a

wooden trough and being held

*«dlin

Pfctifip,

The general behavior of this
ton wool.

||

s so much better than that of Vicia saliva, that we are
10 according it a higher degree of responsiveness.
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The Gramineae other than Zea, so far as studied, are also

n V 1

V

positively rheotropic. Triticum vulgare and Secale cerealt

so determined by Jonsson, Hordeum vulgare and Avena sativi

w titby Berg. In my experiments all four of these species i

treated as already described for other plants. After the grai»

had been placed in the vertical position in sawdust, and there

sprouted, they were secured in mear

of strips of blotting paper and rubber bands, to the sides of

wooden bars extending parallel with the diameter of cylindrical

glass basins, and so placed that the lower ends of the grains

i

just met the contained water. Here the preparation rested

the roots had attained a length of one or more centime: i

The revolution was then started. At once the question

the

arises

mar

to how these roots should be judged ; for, as is well known

roots of the cereals grow out in a bunch of several to

secondary members which do not all take the vertical direction

till a considerable length is reached. The method finally foun

the most satisfactory was as follows : When a record was to

made the observer sighted horizontally along the row o

counting all roots positive whose apical portion deviated ro

vertical plane in the direction against the stream, all roots nep

tive that deviated from the vertical in the direction wit

^
stream, and all roots neutral whose tips were in a vertica

^
parallel with the row of seedlings. In placing the g»*»

them
that

me

position on the supports care was taken to arrange tn

^
about an equal number met the water current on the an -^
the front, and on the back. Thus it would seem tha

hod employed for judgi»

the rheotropism of these plants. An error in calling^
positively rheotropic that was only inclined against ^
because of its plagiotropic position would be coun e

by calling a root a negative that was inclined in t e
^ L

'A A the ""
direction, solely through its plagiotropism, provitJea ^
of individuals employed was large. The results wi *

a preponderance in favor of rheotropic response t a

be no question of the fact.

*%'
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In TriHcum vulgare ninety-three roots were observed, divided

among three experiments. Temperature of the water was from

!9
e
to 22°, velocity from 75

cm to 750
cm per minute (constant for

any one root), period 24 hours for two experiments, and 48 hours

or the third. Twenty-five roots were positive, three were nega-

te, and sixty-five were neutral. The angles attained were not

more than 20 from the vertical. This would seem to place the

wheat among those of weak response to a current of water.

Secale cereale furnished sixty-two roots for observation, tem-
perature of water 20 to 23 °, velocity ioocm to I000cm per minute,
period of 15 hours. Fifty-nine roots were positive and three
nwtral. Several of the angles attained were 90 .

Hordeum vulgare had 102 roots under experiment in a water
emperature of 20 to 22°, a velocity of 50

cm to 750
cm per minute,

and periods of 7, 9, and 24 hours. Of positive roots there were
c hty-four, negative seven, and neutral eleven.
A na sativa was tested in five experiments with a total of

32 roots. The water temperature was 21 ° to 25 ,
the velocity

° C"rrcnt
-
;o

';

m
t0 I000cm per minute, and the period 9 hours to

]

0urs
- Ninety-seven roots bent positively, six negatively,

wenty-nine remained neutral. Many of the roots bent to
40 angle of 6o°.

ur species of Gramineae just considered resemble
A H *

m
anothe

^entag,

er in the production of good roots in water, in display-

per-

The wheat shows the smallest number
«Ponses of these four plants.

^R fo

C

,

LegUminosae
-
ten species have been studied, five

froiJ?
n0nresPonsive, and five responsive. All but the

Trip.
,

* » ~»**V^ 11 v ^ 1 v.o LJKSll Jl V %~ . ^vn ^ w,

Vicia

Se

^
SltlVe sPecj es have already received attention.

*fcam f

vas pronounced by Juel very sensitive to a

Cr %
^ ThlS author had not tried the much more sen-

*If relaf T\*'
*" "ly exPeriments Vicia sativa has proved

k**
titan IT-

Sl°W and weak in its resPonse -
lt resPonds

^nts *hos 'h*^'
bUt mUch less readil >

r than a dozen other
SC behavicr is to be described later.
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The experiments with Vicia sativa may be divided into two

groups : those of a duration of 6 hours to 12 hours, and those

of 48 hours. Forty-seven seedlings have had their roots sti

lated by currents of water ranging in velocity from 150" to

750
cm per minute, water temperature 19 to 25 ,

period from 6

to 12 hours, giving twenty positive and twenty-seven neutral

roots. Had the revolution of the basins of water been continued

longer, it is certain that other roots would have become positive,

as is shown by the following results : Eight seedlings had th«r

: 4-~~ ,« i r<»vnlvin£r btSt

::

roots subjected to the streaming of water in a revolvu

for 48 hours, water temperature i8° to 2 1°, velocity 45°

500cm per minute, giving seven roots positive and one ne2a"*j

In another experiment, out of thirteen seedlings only two showed

curves after 1 2 hours' revolution of the basin, while after anot er

12 hours ten roots had become positive. It is safe to

that over 75 per cent, of the roots of Vicia sativa are response

isssm

5

faba

Both of these species are alike in the long duration

latent period and in the smallness of the angle of curvature.^

is certain that in my experiments with these two speci
1 ^ ^

water temperature of 20° and an air temperature ° **'

higher, more than half the roots to respond rheotropica^ ^
shown the first curving later than 8 hours. Not 15 Per

^ ^
those responding have shown a curve earlier than

^

greatest angle that any of my seedlings of Vicia has a
^

70°; the most of them have reached a deviation of 10^

Fig. 4 shows a tracing from a photographic repro u ^ ^
seedlings in one of the foreging experiments, an

» ^
restriction contained in the description accompanying

is fairly representative of the behavior of this plan
. ^

Pisum sativum resembles in its general behavl° r

t
pt

A number of its roots grow crooked in water, its a
t

long, and a considerable number of its roots are non

^ ^
It shows, however, a higher percentage of curvature^

^ ^
to the stimulus, and the angle attained by the roo >

%
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than in Vicia sativa. In this series the temperature was kept

onstant throughout at 23 in air, almost the optimum for the

growth of this species and variety; the velocity ranged from

to i38ocm per minute and the period from 16 to 22 hours.

Of the ninety-four roots used, seventy-four bent positively, ten

•egatively, and ten grew
ertically. Of the seventy-

four positive roots, sixty-
one attained an angle be-
tween 45° and 90 ; several
reached 90 .

Among the Polygonaceae
or

< Fagopyrum csadentum
BIS been tM.f 1._

cnt. Th

ut under experi-

e primary roots of
«c buckwheat are evidently

h1}' sensitive, but they
m some inclination to

n

form

*ate'- Even
foots

*ater, the

FlG. 4.—Tracing from a photograph,

half natural size, of Vicia saliva. The seed-

irves in Still lings were packed in glass tubes with cotton

though the wool, and the tubes held in holes in a

wooden bar. In order to secure a photo-

graph to show the curves to best advantage,

grow irregularly in

*U1 be A
rOOts the bar was suspended parallel to the water-

tneir tips against stream. It was found, however, that the

*cam a short time after
resulting curves were not so great as when

*trai

for

Started. Tw • tne row °* seedlings extended, as usual,

t

' ent)-SlX
transversely to the stream. The smaller

Were selected angles attained were probably due to the
cxperiment. Th

feature d
e tem- interference of the roots with the stream.

^perim
un«g the th

ents w
18

e
ocitj

to 750

This figure is presented principally for the

purpose of comparing the sensitiveness of

this species with that of Raphanas sa/ivus,

e air. as shown in figs. 6 and 7, page 108. As is

ranged from not unusual in tnis sPecies ' the figure shows

'as respectively

•
and 22 in th

cm

m the » •

l

,
Ihe

Periods were

Per minute,
one root with a negative curve

e positiv
4, 1 8, and 12 hours. Twenty-four roots

twenty

My

angIe of 90°, one to an angle of 15 ,
and two bent
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negatively to an angle of 90 . The last two, and perhaps

others, evidently curved, not because of the stream, but because

of their objection to the water environment, whatever this ol

tion may be. The relatively large number

however, warrants us in concluding that this species is rheotropi

Of the Compositae only Helianthus annuus has been used.

Forty seedlings have been tested for a period long enough

determine their rheotropism. The temperature was 21

roo*

to 2?

air, the velocity 50
cm to I000cm per minute, the period 17 to 33

hours. Twenty-eight roots bent positively, six negatively, *»

seven were neutral. The roots bending positively did notatt**

as great an angle as those of Fagopyrum, less than one-

passing beyond 45 °. The roots of Helianthus do not all grot

straight in still water, and this behavior will account fort

relatively large number of negative curves in the expenown^

The Cruciferae have furnished by far the best materia.

^
the study of rheotropism. Of the six species studied, foe a

rheotropic, only Nasturtium officmale showing itself who J ^
ferent. The white mustard, the black mustard, the turmp-

cabbage, and the radish, but especially the first and I e

^ ^
these five, give splendid examples of rheotropic roots

'

^

the Cruciferae tried produce straight roots in water, ns^
seedlings used were from 2cm to 4

cm in length at the egi

of the experiment.

Brassica alba is one of the best of the eighteen specif ^
have been found rheotropic. In five exP

erimentS

^re
,,5e

revolving basins of water, in which fifty-one seedlings *^
with a velocity of 50

cm to iooocm per minute, a water ^ ^
ture of 19 to 22 , and a period from 6 to 21 hours,

er 45

perceroots bent strongly positively, the majority being

many being 90 . Six roots were neutral. This g *"-
J

age of 88 and marks the white mustard as a re -^
plant for experiment. Its great heliotropic sensitive!^ ^^
that the experiments for rheotropism be carried ^
Fig. 5 shows the curves obtained in one expe

plant.

1
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Brassica nigra responds more slowly than Brassica alba but

attains almost as good a percentage, and almost as great angles.

The sensitiveness of its rnntc

kept dark in deter-

to light requires that it, too, be

mining its rheotropism.
Twenty-nine seedlings were
used in two experiments with

k revolving basins, the
»ater temperature being 24 ,

the velocity 50™ to 450
minute, and the periods 9
tours and

1 5 hours. Twenty-
>ur roots became positive

and

per

Fig. 5.

—

Brassica alba. A tracing from
- remained neutral. a photograph, "three-fourths natural size.

experiment with the These seedlings were set in glass tubes in

fi

In the

longer period, all of the roots
order to facilitate transfer for purposes of

iat beeame positive, num-
bing fifteen, were
9° from the vertical." Th
result

photographing. During the experiment the

bar was held in a radius of the revolving

45 to basin for 18 hours, water temperature 21°,

e the range of velocities being 125°™ to 6oocm

gives us 83 ner t
per minute. At the conclusion, the seedlings

responsive roots.

Brassica

were twisted around through an arc of 90

in order to show their angles in the photo-

tested

with

campestns was graph. The figure is fairly representative,

::

*Mn

»n two experiments excePt tnat the tips declined slightly during

a total of fortv-t
thC PreParation for photographing.

gs, water temperature 24 , velocity of current 60
1** minute, period

to^a^ 4s

r0ots
- ^ will be

cxf*rim

This

4 hours, giving thirty-six posi-

three negative curves, and three

gives a percentage of eighty-five positive

•

noted that that the angle attained in these
ents is rather small. It may have been due to the rather

* tcmPerature. Fi<r . »w_- \u .. „u.„:„^ :„ ««-
"Wwent with thi
B

ffcratur

«*aca oleracea

Fig. 2 shows the result obtained in one
is plant.

e o
was tested in two experiments, water tem-

-. ^/
t

U: >'^>- 60*" to 560'- per minute, and period -0

^ Positiv
y

\

W** seedlin£s were used, of which thirty-two
1 lvel

y to an angle of 15 to 8o°, while two curved
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negatively to an angle of 20°, giving a percentage of ninet}

four positive roots.

Raphanus sativus, the variety

known as the "early long scar-

let/' has been for me the best

of all plants for experiments

with rheotropism. It is larger

than any of the other Cruc

ferae worked with, and for

Fig. 6.

—

Raphanus sativus before the

beginning of the"experiment which gave the that reason less liable to injur

resulting. 7. Tracing from photograph. ^ handling. Its roots are

insensitive to light, and hence experiments with it may be con-

ducted in the general rooms

of the laboratory. In the series

described here, 140 seedlings

have been used in nine experi-

ments with the revolving ba-

sins of water. The water tem-

perature has ranged from 20°

to 25 , the velocity from 50
cm

to 750
cm per minute, and the

period from 5 to 33 hours.

e

e

1 J «* JO «vw..

One hundred andtwenty-thre

roots have bent positively, the FlG. 7^aManus **"*£**
majority from 45° to 90 ; eight a photograph "This fig"^^

si

U^,r<* u t , . - with Jig. 4- ltie IW
.J? .../,v,? and *

nave bent negatively, and nine relative re:

have grown vertically. '™- hnnu* sati

'espouse of. Viae
-Jj£*» *2?ZL carded 0. **tu a hanus sativus in sxni«»* ~~

, d oB iThe
experiments for **%»>%£*J '

experiments for botn we, ^

^

positive roots are, therefore, same time, the period of reborn*
^

5 M
,.

- hours, the temperature m v

w^87 per cent. The response o

this plant to the water stream per minute.

is relatively very ready. Two SSRK^^.'Sf'JSS
hours from the beginning, at J™JSwUS'*-^-'*
a suitable temperature, well

, rt ^rcer
marked curves can be detected in 1

»

the roots.

5 per cent, to JO£«*

/£••

[



A DESCRIPTIVE LIST OF THE PLANTS COLLECTED
BY DR. F. E. BLAISDELL AT NOME CITY, ALASKA.

Alice Eastwood.

[Continuedfrom p. /4Q]

SAXIFRAGACEAE.

S3. Chrysosplenium tetrandrum Fries. Bot. Not. 193.

—

Leaves reniform, crenately 5-lobed: flowers green, inconspicu-
ous: in fruit the carpels separate, showing the tiny red seeds,
each of which is fastened to the walls of the capsule by a slender,
wry short funiculus. The entire plant is perfectly smooth and
•ess than i

din
high.

Comparison made from description by Dr. J. N. Rose, in Bot. GAZ.23: ?75-

84. Parnassia Kotzebuei Cham. & Schlecht. Linnaea 1 : 549.

the b

SCaPeS
*
6~ J

5Cm high
'
slender

»
usually with a cauline leaf near

ase: leaves clustered at base, ovate to orbicular, on petioles
once or twice the length of the blade (that on the stem leaf very

): sepals oblong, a little shorter than the petals: petals

length

3
~
5
"nerved

'
elliptical

: stamens with filaments varying in

^
P

-
shorter than the petals ; anthers orbicular, notched at

in,- »

e
°, '

m°re deep!y so at base ; staminodia yellow, 3-5 united,
wrted at th k

ent fi

° f Cach petal

:

caPsule surpassing the per-
oral organs

; stigma sessile, of four spherical lobes.

'

u Uurlnt^
11^ 1 '^ 'nSUla Unalaschka ad sinus bonae sP ei

-

Escholtzii et

^l,^AS

t
IA PALUSTRIS L - SP- PL 2 73- 1753— Scape slen-

andcorda
g

\
Wlth one cauline leaf below the middle, sessile

ovate k

tC
°laSping: radical leaves on slender petioles, orbicular-

^llou's-u

tUSG
'

USUa11^ cordate at base : sepals linear-oblong,

el liptical

,PP
u

d
'
haIf shorter than the petals: petals sessile, broadly

nodiai6 •

5-veined, obtuse or emarginate at apex: stami-

>

united and unguiculate
; stamens with filaments varying

199
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in length, shorter than the petals, linear-attenuate; anthers

elliptical : capsule purplish, with the stigmatic lobes recurved.

Type range : "in Europae uliginosis."

86. Saxifraga adscendens L. Sp. PI. 405. 1753.—A lo»

small-flowered species, with the small rosulate radical leaves

pedately 3-cleft: flowers panicled, the peduncles stipitate-glandi

lar below, glandular-puberulent above : petals slightly surpass-

ing the obtuse sepals, white, and with noticeable parallel venatior

Type range :
" in Pyrenaeis Baldo, Tauro Rastadiensi.

87. Saxifraga bronchialis L. Sp. PI. 400. 1753 Matted

at base with low slender stems rising from a rosulate tuft (A

leaves ; these linear, acute, with conspicuous white-ciliate mar-

gins ; stem leaves linear, appressed : flowers yellowish-white.

dotted with yellow, smooth except for a few scattered sh

gland-tipped hairs : petals oblong, unguiculate,

This is quite unlike the plant of the Rocky mountain region whu

been included under this species.

Type range: "in Sibiria."

• 88. Saxifraga comosa Britton Mem. Torr. Bot. Club 5-

1894. Saxifraga stellaris comosa Poir in Lam. Encycl.

1804.— Scape slender, sparingly glandular-villous, about 8-1

high, naked up to the little bunches of leaves which take

place of flowers : flowers when present terminating the >cap

calyx with minute, roundish, purple divisions: petals witho m

68ft

.-.*

blades, white with two yellow spots at base, .

blade : stamens with flat linear-acuminate filaments, snoi

at base, oblong, acute, 3
mm long; claw one-third as long

the petals ; anthers suborbicular, dark purple :
leaves 1

ter at base, broadly oblanceolate, toothed at apex, spar

ciliate with bristly hairs.

89. Saxifraga flagellars Willd. ex Sternb. Rev-
xifra

1812; Hook. Fl. Bor.-Am. 1 : 253. Pl
- 7'.^

marked species, sending out long filiform runners whu- ^
the ends: dead leaves densely imbricated on the caU ^'

stc*

vate-spatulate, conspicuously ciliate; upper leaves an
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gland

long.

1
cmliar: corolla bright yellow, with obovate petals about

90. Saxifraga hieracifolia Waldst. & Kit. PI. Rar. Hung.
I:i7« pi. 18. 1802-1812; Hook. Fl. Bor.-Am. I : 249.—This
belongs to the group which includes 5. nivalis L., and is distin-

guished by black-purple flowers which are interruptedly spicate-
glomerate. The pollen is bright orange. The scape is clothed
with viscid-arachnoid jointed hairs, and sometimes has one leaf.

Radical leaves elliptical-oblong, with margined petioles and
crenate margins.

9i. SaxifragaHirculisL.Sp.pl 402. 1 7 5 3.—Stems matted
« base, clothed with oblanceolate, dead, brown leaves: leaves
»on the stem, clothed with jointed arachnoid brownish hairs:
^wers few on each stem : petals yellow, linear-oblong, obtuse,

u
* i

Ctt
long, the lower half generally orange-dotted.

TWs is a beautiful and showy species,
ype range

:
<Mn Suecia, Helvetia, Lapponia, Sibiria."

proS

9

tr' t

SAXIFRAGA 0PP0SITIF0LIA L
- SP- PI- 402. 1753.— Stems

vitha

36
' ^11151 leaVCS imbricated in fours

-
fleshy, ciliate,

ft*,/ ,

P°re m the center of each near the apex: stem one-
*w*cred i2mn> h' u
sions of h

one-leaved
: capsule surpassing the divi-

tKe 5rui •

C °al
-
VX : stamens shorter than the petals, which in

^cimens examined Were withered.

*WicarI!!
g<

L
: ," m ruPibus Alpium Spitzbergensium, Lapponicarum,

um
- Helveticarum."

*dS rentf*^
PUNCTATA L

'
Sp

-
Ph 401

- 1753— Leaves all

^Pitate-cor

°rm
'

°

renate "dentate : flowers sma11
'

white
'

at first

P^als ovat •

°Se
'

latCr in fruit becormng panicled: white

% numero *i
CUneate base

»
refuse apex, and punctate with

^s on lh

US Cl°Se d° tS : Pubescer»ce viscid-arachnoid with the

n?ed W jth

e UPPCr part of the stem gland-tipped: follicles

^'mens ar

PUrple
'
divaricate, tipped with sessile stigmas :

the

Tyoer. ^ Vanable in ^ze, from S
cm to i-2dm .

^ **&''" in Sibiria."

fcwid^!^GA
. ?

IVULARIS L
- Sp. PI. 404. 1/53—A small-

spec
w stems from fibrous roots : leaves
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3-5-lobed, very small, cuneate at base, the pubescence arachnoid

with woolly viscid hairs : flowers few, terminating the slender

branches: calyx often with purple-tipped divisions: petals whik

tinged with purple, oblong, veiny: stigmas sessile, divaricate

Type range :
" ad AJpium Lapponicarum latera et rivulos."

95. Saxifraga Richardsoniana Hook. Fl. Bor.-Am. 1

1840.—About 3
dm high, with orbicular-reniform leaves 2.5-5

broad : petioles, scapes, and lower surface of leaves clothed will

scattered black glands, leaf margins doubly dentate: flowers

large, in racemes that- become spiciform : acuminate sepals pur-

plish, with few gland-tipped hairs : petals white, unguiculate,

obovate-elliptical, abruptly acuminate, twice as long as the

sepals.

This is beautifully figured in Botany Beechey under the name of S.A

soniana H. & A., p. 124. pi. 29.

ROSACEAE.

96. COMARUM PALUSTRE L. Sp. PI. 502. 1753
erec

dis

H*
with few compound leaves, each consisting of 5

oblong-obov

leaflets with deeply serrate-dentate margins, green on the u

surface, pale beneath : all parts of the flowers red-purpie

petals much shorter than the sepals.

Type range: "in Europa uliginosis."

97- Dryas octopetala L. Sp. PI. 501. 1753-
—This be^*

ful plant is widely spread through both parts of the nort *

hemisphere, forming mats: leaves oblong, pinnately lobe

oblong lobes, hairy, margins revolute, veiny and glossy o

upper surface, white tomentose on the lower: coron

2-5
cm

in diameter : calyx with narrowly linear divisions c

with black hairs: fruiting akenes tipped with feathery >.

resembling those of Pulsatilla. , ..

Type range: "in Alpibus Lapponicis, Helveticis, Austnaci-,

Hibernicis, Sibiricis." ..^

97a. Dryas integrifolia Vahl. in Scriv. Naturh. Sel>
• ^

4:11. 1798.—Similar to the preceding, but with leaver

rower, the margins entire and revolute.
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mm
98. Geum Rossii Seringe, DC. Prodr. n : 553. 1825. Siev-

Rossii R. Brown, Parry's First Voy. App. 276. 1824.

—

>tcms clothed at base with the brown sheathing petioles and
stipules of dead leaves, glabrous below, 3

cm_3dm high, 1 or 2-

flowered, with some bract-like leaves scattered along the flower-

mg stem
: leaves interruptedly pinnate, the larger divisions

irregularly lobed at the top, the smaller ones much smaller,

entire: calyx open-campanulate, often brownish-red, pubescent:
corolla yellow, 2ca in diameter, with the petals suborbicular,
obcordate, veiny: stamens numerous on filiform filaments

at the

"iserted on the calyx: pistils with very slender straight styles
Md akenes hispid with upwardly spreading hairs.

Superficially this resembles some species of Potentilla.

99- Potentilla biflora Willd. ex Schlecht. in Gen. Naturf.
r

"
BeroL Mag- 7:297. 18 13.— Caudex clothed with brown

'oad sheathing stipules : leaves with linear, revolute divisions,

« on the margins and lower surface, and with a tuft of hairs
apex

:
scapes 1-2-flowered : calyx appendages linear,

°wer than the ovate divisions, almost equaling them in
*n& •

petals obcordate, with the base a deeper yellow than the
Jperpart: akenes glabrous, reddish at summit and tipped with

gredd.sh styles, at base beset with long hairs which give the
recePtacle a woolly appearance.

**ibuted1 .

ILLA FRUTICOSA L. Sp. PI. 495- I753-—A widely

cies h -
•

S^eCles
'
and easily distinguished from the other spe-

comii*
lt

f,

shrubby habit. The akenes are woolly, and the
°!

Ia
>'ellow

- 2- i n diameter

** fetn'JT*
6

''

'" Eboraco
- Anglia, Oelandia, Australi, Sibiria." Thi

»»«(Mei^^ fr°m P°tentilla by P. A. Rydberg as Rafinesque's Dasi

i

^Dept. Bot.Columb.Univ.
7 : I 88).

5 -4? ,q°
TENTILLA unifloka Ledeb. Mem. Acad. Petersb.

-

ttipuies .

I

2 ~~ CesPitose . the caudex clothed with brown dr;

Pentose
CaVeS Cmereous on the upper surface, densely white -

3-5>cIeft fl"

tHe lovver: leaflets 3, palmately wedge-shaped,

*ith
bractIet°

WerS
'

°r rardy 2 °n the stem : caIyX white "hair>''
e s almost as broad and long as the ovate-lanceolate
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divisions : corolla with obcordate petals, glabrous, veiny, keeled

on the back with a sharp margined ridge : styles shorter thai

the akenes.

King mountain.

102. Rubus arcticus grandiflorus Ledeb. Fl. Ross. 2 ea-

sterns low: leaves trifoliate, with the leaflets cuneate and entire

at base, dentate from below the middle to the apex: flowers

rose-color, 2-3cm in diameter.

Type locality: " in America arctica ad sin. Kotzebue."

103. Rubus Chamaemorus L. Sp. 494- I753-— Low '

**

leaves simple, orbicular-reniform in outline, 3-5-lobed,

margins irregularly dentate : flowers white, 2
cm in diameter.

Type range :
" in Sueciae paludibus uliginosis, turfosis frequens.

104. Sanguisorba media L. Sp. Pl.ed. 2. 169.—Stems ere

3-4dm high: leaves mostly radical, compound with 9-1
1 i*

110

late leaflets, the lowest pair smallest, oblong-ovate ;

the lar

3
cm long, and almost 2cm wide, coarsely dentate, glabrous, p*w

on the lower surface, often tinged with purple; cauline 1

or 2, with fewer and narrower leaflets; stipules dentate:

in a dense spike i-2cm long, purple.

Type locality: " in Canada.
1 '

105. Spiraea betulaeflora
!-

.t.„j« h re

1/00.— i^uw snruD, witn sienuer cici-i u»cn.
renat^*

dish-brown bark : leaves on short petioles, broadly ova
, ^

serrate except near the base, glabrous, Paler
m

°n

diamete;

surface : corymbs sessile : flowers small, white, 6m
j

n
^

stamens much exserted : sepals reflexed, deltoid
:

to 1 ,

length.

Type range: " in Sibiria oriental! ad fl. maja
»»

LEGUMINOSAE. „.

106. Astragalus alpinus L. Sp. PI. 7b0 -
.

'* _ ;f „ tP flo*
1
*

end
little Astragalus is readily recognized by the capita c

cluster on a long peduncle, with the flowers and 00
n
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the calyx and pods are clothed with black hairs : the corolla is

white tinged with rose-color : leaflets small, canescent.

Type range: "in Alpibus, Lapponicis, Helveticis."

107. Hedysarum auriculatum, n. sp.— Stems 2-3cm high, gen-

erally with two or three flowering erect branches, striate,

oppressed downy-pubescent : leaflets

pet

c
ite, lanceolate, aristate,

about 5
mm wide, veins

prominent, lower surface with scattered

pubescence, upper glabrous; petioles
cry short or wanting; stipules brown,
bathing, membranous, 2-cleft to
below the middle with divisions attenu-

b

a
ate: racemes 5-13cm long, on
Peduncles, with flowers pendent

long

on
recurved

bracts deciduous,
Wattcnuatc

; bractlets narrowly
wear, close under the calyx: calyx

*fi
one large subulate tooth opposite

r°ad sinus, the other four equal and
•*°««

f about half as long as the tube,
UiT

? pubescent
corolla

^

\

Fig. 4.— Hedysarum auri-

culatum : a, wing, X 2 ; b, stand-

on both surfaces :
ard

» x 2 *> c
*
keel

>
x 2

;

d
>
******

X 5 ; *i leaf, nat. size ; / pod,rose-color, 12™ long; keel l«
** auricled at base, obtuse at apex

;

!aws
4
mm

loner- „,;_ ... _ .,
F

nat. size.

KM ong

1
cm

-*

long, 5
mm

P^s consisting of 2-4 orbicular to oblong joints, glabrous.
mar^'ned, veiny,

5. 10mm
Along

I08

long.

£

.

Hedys

s of streams.

sarum truncatum, n. sp Stems erect, 2-2.5
dm

eafle ^
Cr

'
Striate

» subcinereous with scattered white hairs

:

•ttt 0-1

and margins; stipules*ith two

scent a little on the

brown, membranous, sheathing,
* wo attenua**. •

68 about 6C <«

aP 1Ces : racemes 1 or 2, generally on pedun-
!°ng: flowers pendent, rose-color, ij

mm long:-
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calyx with two divisions subulate, one-third as long as the tube.

densely hairy on both sides, thickened on the midrib: corolla

glabrous; keel i
cm long, twice as long as the claw, truncate at

base, obtuse at apex ; wings linear-oblong, eight times as lor

as the claws ; standard cuneate, obcordate at apex, \^
mm

long:

pods with 1-3 joints, which are

glabrous, reticulate, orbicular-oval,

becoming 6mm or more long, and

margined all around.

This is near H. alpinum Willi as

delineated in Bot. Reg. pi &08. It

differs in pubescence, shape of leafc

truncate keel, and fewer joints to tbe

pod. Scattered over the tundra.

109. OXYTROPIS LEUCANT
b

Pers. Syn. 2:331. Astrajpto

c

telecanthus Pall. Astragal. 59-
l8o°-

— The specimens collected were

in flower only: flowers yellow,

short oblong heads terminal:

the one or two scapes :

caudex

Fig. s.—Hedysarum truncatum: densely clothed with dead bro*

-. Jing, X 2 ;*,kee.,X2;,, standard, ^ ^ and petioles : leau add

X2, d, calyx. X 5; ', pod, nat. size;
V

.

-

tu aonreSsed/ leaf, nat. size. scapes cinereous with app

d with occasional long*

ins ana
hairs mixe

ones
; the pubescence of the leaves chiefly on the margins

midrib: calyx densely clothed with long black hairs mixed wi

a few white ones.

According to the description in Gray's revision in Proc » -.
2° : 1-7, the flowers of the specimens seen by Dr. Gray were "we ^

These are distinrtlv vMlnw. without a tinge of violet.with violet. e are distinctly yellow, w* "^^ «*i^ uistiu^iiy yell
be some other species, or perhaps new.

Type locality: " in Sibiria."

no. Oxytropis Mertensiana Turcz. Bull. Soc. Mosc

1840; Ledeb. Fl. Ross. 1 : 584.— Leaves 3-5 or solitary:
flo«*

purple, in 2-3-flowered heads: calyx clothed with black
of

brownish hairs which are also on the
A a • nod shi ')

erect pods. P
ou
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tipitate, the ventral suture intruded so as to almost divide the

pod into two cells.

Type locality: " in terra Tschutschorum ad sinum St. Laurentii."

EMPETRACEAE.

ilk

HI. Empetrum nigrum L. Sp. PI. 1022. 1753.— A heather-

te prostrate shrub, forming dense beds a few centimeters high,

with small crowded linear thick-keeled glossy leaves about
*-4M long

: young stems and leaf margins glandular : midrib
sunken on one side, invisible on the other: flowers inconspicu-
ous and solitary in the upper axils : sepals and petals 3, pur-
plish: stamens 3, exserted : pistillate flowers with a globose
ovary surmounted by a short thick style having 6-9-toothed
segments: fruit a blue-black berry known as "crow berry" and
heath berry."

J

minute glands on the younger stems and margins of the leaves seem

areTh^f
6 ^^ n°ted

'
n any descriPtion seen °y me >

though these glands
he found on all the most northern plants in the Herbarium of the Cali-

!a Academy of Sciences.
)pe range

;
" m Europae frigidissimae montosis paludosis."

VIOLACEAE.

ascend

2 ^^ BIFL0KA L
" SP- P1

- 936 - (i753)-—Stems slender.

«omewh

g: leaVCS round "reniform
.
obtuse or acute, 1-2 cra wide,

oa Pet' \
P Scent

;

lower ones on long petioles ; upper ones
es but little longer than the blades ; margins crenulate-

enticulat

l or>r 2 1

° ate
'

stiPules green, ovate-acuminate: flowers

•
yellow marked with brown lines on the largest petal,

is i
cn»

a

which
" ' »ong

:
sepals linear-subulate, 3-4mm long ; spur blunt,

Promin.T
f" Pubescen t = seeds mottled with brown, withF ni^t rhaphe at the pointed end.

vPe range- "I* ai -k t

,j v
^ipibus Lapponiae, Austriae, Helvetiae, Angliae.

end^ cretn!

PAL

?
TR1S L> S^ PL 934- 1753— Rootstock

^iate rf k
n? eaves round-reniform, all basal, obscurely

{

-flowered
* ^^

'
petioles generally shorter than the 2-bracted,

*bo«t !«»
J

Cape: sePals ovate, white margined: corolla white,
°ng

'
the lovve5t petal veined with purple, all without
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Ml

beard in the throat ; spur short, rounded, of about equal length

and breadth.

Only two specimens were collected, both in flower, and not good.

Type range: "in Europae frigidioris paludibus."

ONAGRACEAE.

114. Epilobium latifolium L. Sp. PI. 347. 1753.— Stems

less than 2dm high, generally ascending, leafy to the bas

minutely puberulent throughout, and somewhat canescent

the younger parts : leaves sessile, opposite or alternate, ovate-

elliptical or lanceolate, with scattered callous teeth on the ma

gin; midrib evident, but other veins obscure: flowers axillar

in racemes with leaf-like bracts on pedicels as long as the ova

buds at first erect, then pendent, and again erect before anthe-

sepals crimson, linear-acuminate, shorter than the petals -

wide: petals a lighter shade of crimson, rhombic-ovate, some-

what unequal, about 2 cra long, and almost i
cm wide, taperm. *

both ends : capsules erect spreading, 6cm long, purplish, taper

at each end with the apex truncate: coma tawny.

Type range: " in Sibiria."

115. Epilobium spicatum Lam. Fl. Fr. 3:482- l77$~~~

plant glabrous: stems about 5
dm high, with the lower leaves

scale-like: upper leaves opposite or verticillate in threes, anc^

late-acuminate, revolute with a few gland-like teeth aion

upper margin, about 6cm long, sessile at base, veiny: fl°wer>
'

racemes, reflexed in bud, with the lower bracts leaMi«* «ti

ones minute; pedicels spreading, a little shorter than the ova

calyx lobes crimson, oblanceolate, mucronate: petals
°^\^

7
mm

long, surpassing the calyx lobes, crimson: stamen^

filiform filaments shorter than the petals :
style as -"^

filaments; stigma with 4 divergent lobes: capsule ^^
twice as long as the pedicels, 3

cm
,
purple, narrowed at e

but with the apex truncate: coma on seeds dingy white.

long as

ach e

UMBELLIFEKAE. Tfli

1

116. Hehacleum lanatum Michx. FL i: 166. l^ ~
t

s easily distinguished from all other members ot o«
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the large ternate leaves with broad round-cordate cut-toothed

olds: umbels large, and petals of the outer flowers generally

dilated and 2-cleft.

The leaf-stalks and sterns of this plant are used as food by the aborigines.

Along the streams and near springs.

Type range: "in Canada."

CORNACEAE.

n;. Cornus suf.cica L. Sp. PI. 118. 1753.—Distinguished

'om its near relative, C. canadensis L., by the 2-forked stem at

the leaf axils of the first flowers.

Under the willows.

Type range: " in Suecia, Norveerica, Russia."

ERICACEAE.

n8. Arctostaphylos alpina Spreng. Syst. 2: 287. Arbutus

dpina L. Sp. PI. 395. 1753.—Stems forming mats with woody
branches, creeping: leaves thin, deciduous, obovate-elliptical,

*cutt. tapering at base to a margined petiole, ciliate when young,
a°out half a> long as the blade ; margin serrate ; surface smooth,

iv, turning reddish-purple: fruit a red, juicv berry, contain-
aS 5 seeds.

berries which were collected and preserved in formalin may not be
"l* According to the descriptions they are black when ripe.

>Pe range: "in Alpibus Lapponiae, Helvetiae, Sibiriae."

!I
9- Andromeda polifolia L. Sp. PI. 393, 1753; F1 -

LaPP-
'• fa-J—This pretty little plant has globular urn-shaped, rose-
°red flowers in few-flowered terminal umbels : the narrow

are so strongly revolute as often to show only the midrib,
^Umes not even that ; lower leaf surface pale, upper bright

AloiW
0Callt >' : "indefertis subhumidis muscosis and paludosis etiam in

per totam Sueciam, mixta vaccinio crescit

!*' Cassi°pe tetragona Don. Edinburg. N. Phil. Jour. 17:

>ricat

34

d
•

Andromeda tetragona L. Sp. PI. 393- I753-—Leaves

kpret
f°Ur ranks

< each with a groove down the middle:

„ t

e

h

ty White bell s are at the summit of the stems and hang

Tv *,

tOP ° f erect ^read-like peduncles.
*>Pe locality "\n *i •• Tl

> • m Alpibus Lapponicis."

e
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121. Ledum palustris L. Sp. PI. 391. 1753.— Shrub w

leaves linear, revolute, clothed with brown wool on the lower

surface, marked with quadrangular veining on the upper: flow:

white, in corymbs terminating the branches.

Type range :
" in Europae septentrionalis paludibus uliginosis."

122. Loisleuria procumbexs Desv. Journ. Bot. 1 :35-

Azalea procumbens L. Sp. PL 151. 1753; Fl. Lapp.//. 6. fig
.2.

A pretty little prostrate suffrutescent plant, with small cnim

open-campanulate flowers in umbels terminating the stems.

iSoft

Type range :
" in Alpibus Europae.

123. Rhododendron Kamtchaticum Pall. FI. 4-

pi. 33.— One of the most beautiful of arctic plants
:

lea

obovate-spatulate, veiny, bristly-ciliate : flowers rich cnmsoa,

with the calyx persistent and the divisions of the corolla almost

an inch long.

Type locality: " Kamtchatka."

124. Wahl

-™.„ Lapponica L. Sp. PI. 151. 1753-—A low much ^T^
prostrate shrub about 8

cm high, with rough brownish ban

^
outer part splitting irregularly into small plates :

leaves c u>

at the ends of the branches, oblong to elliptical or even *

3-iomm long, about half as wide, with entire revolute map

mucronate apex, subcuneate base, midrib sulcate on

surface and prominent on the lower, surface mil"** T^,
the pits covered with a brown scale, denser on the lowers

1
'

tioles - °

flowers on peduncles a little longer than the pen ,^d
at the ends of the branches, apparently without bracts. ^

4 very short round divisions about i
mm long and wide, !

P

purplish, ciliate, lepidote with greenish scales: COTO

Jm *

rotate-campanulate, of 4 oblong-orbicular lobes twice
^

the tube, 3 larger than the fourth, ™W-m**&*£
ie pU'rpl

the throat, glabrous otherwise : stamens 7 or 8: s 1

twirp. rr«n;^.,u*«. „4.: — ~;*-,to • nvarv narrowtwice geniculate; stigma capitate; ovary narru" *

lepidote.

There was and

d*
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In otherfew divisions of the perianth may be an individual characteristic,

itqtects it resembles the figure in Bot. Mag. pi. 3106.
Type range: " in Alpibus Lapponiae."

i
|. Vaccinium uliginosum L. Sp. PI. 350. 1753.— This

arctic huckleberry has solitary or clustered, pendent, globular
wn-shaped flowers : leaves deciduous, pale and veiny on the
wwer surface, smooth or puberulent on both sides, with revolute
nargin, and obtuse, retuse, or sometimes mucronate apex : berry
»*i to be blue-black, covered with a bloom when ripe.

Type range
:
" in Sueciae borealibus and alpinis ; uliginosis."

DIAPENSIACEAE.

'26. Diapensia Lapponica L. Sp. PI. 141. 1753; Fl. Lapp
It-fig- /—Suggests a plant belonging to the Ericaceae, with

n»t of shining evergreen leaves : stamens inserted in the
5 of the lobes of the corolla, and anthers obliquely dehiscent

:

ai*ule loculicidally 3-valved.
prettv

« locahty: "in Alpibus Lapponicis."

primulaceae.

This

°SACE Chamae
Jasme Willd. Sp. PI. 1:799. 1797.

**riable

Prett> hUle primrose differs fr°m the common form of this
species. The corolla is white with a yellow eye, later

« Purphsh with the eye purple. The leaves are small and
at base in a rosulate bunch. The flowers are small in

sred

Capitate u
*««»«; uuiicn. me nowers arc suiai

um el, terminating a slender scape about 3
em high.

e locality • » in a . • Tu
> • m Austnae alpibus."

f 28 n

5^Sc°
DE

^
ATHE°N FRIGIDUM Ch

- and Schl. Linnaea 1 : 223.

from an Hi
5Cm

to 3dm
high (in fruit

)
: roots fleshy-fibrous '

ular
t

lqUe r°0tstock: leaves spatulate, oval or almost

**ereu
. with°

Vate
'
glabrous

; margin sinuate
:

umbels 2-3-

**$* glands f ^
lavaricate Pedicels glandular-puberulent with

*** Part of u
S pubescence also found on the calyx and the

****
noddi r

e
.

SCape
)

: involucre of short, subulate bracts:
ln

g. violet: divisions of calyx deltoid, 2— long:
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lobes of corolla ligulate, I 5
ram long : anthers on very short &

ments, connate : capsule about twice as long as the calyx, ::

top falling off when the seeds are ripe.

Type locality: "frigidissima loca Sinus St. Laurentii, a nive d

irrigata."

129. Primula Mistassinica Michx. Fl. Am. Bor. 1

x 803.— Roots fibrous, white: leaves clustered at the base of Ac

scape, elliptical, dentate in the upper part, cuneate and entire a

the lower
;
petioles from almost none to twice the length <*

the blade, sheathing at base : scape about i
d
'" high, slcmk

umbel 2-many-flowered ; involucre of narrow linear

bracts; pedicels varying in length from 2-1 o
aa

:
calyx of n*

rowly deltoid minutely puberulent divisions about equaling

tube of the corolla : corolla white with yellow tube, the 1

consisting of five 2-lobed divisions.
_ . • ^ _* fw>tnm Hu

acuinra*

130. Primula nivalis Pall. It. 3:320, 444! APP-

G. fig. 2; Ch. & Schl. Linnaea i:«5-—Roots jJU
leaves and scape from a stout caudex clothed with roa

scarious scales : leaves broadly lanceolate, narrowe
^^

ole, which is somewhat shorter than the blade; mr&^ n

entire to sinuate-dentate : scape slender, 2-3 tinies a

^
the leaves : umbel few-flowered ;

involucre, upper par

^,^
pedicels, and calyx more or less farinose ;

brae s ^
linear-acuminate : divisions of the calyx longer t an

^ ^

black-purple, edged with white-farinose margins, a ° ^
long as the tube of the corolla : corolla crimson, s ^

..* i

oa.—& ^ v..v„ ,.««v. k,l «.*. — *~
flowers n

with elliptical divisions shorter than the tube
.

n

at first, later becoming erect.
ufflb<j

There are some fragmentary specimens with many- v

shorter and stouter scapes and pedicels. This speci *^ ^^ j#

extremely. Chamisso and Schlechtendal describe the va

^^^
they found in different localities. Two flowering stalks *J^ 3rtpM
having the flowers declined on one side in a farinose

specimens of Primula eximia Greene, Pittonia 3- 2 5 ! -

, , pi. Ro?"

131. Trientalis Europaea arctica Lede .
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1846-185 1. T. *wr/&tt Fisch. Hook. Fl. Bor.-Am. 2:121. 1840.

•ems very slender, filiform, about y
cm high, with I or 2 very

snail leaves (not more than 5
mm long) below the whorl : whorled

Waves oblanceolate to obovate, entire, thin, varying in size from

-l)**: flower solitary on a filiform stem about as long as the

rest of the plant: sepals 6, narrowly linear-acuminate, reddish:

petals white, narrowly obovate or elliptical, mucronate at apex,

**long, almost twice as long as the sepals.

In regard to F. Eitropaea in Fl. Lapp., Linnaeus says that the divisions

«f the corolla are acute when the plant grows in dry places, obtuse in wet

P«es. This differs from T. arctica, according to the description, in having
petals mucronate instead of obtuse.

Type range: "Western shore and islands, from Sandy bay, in Clarence
Harts

Chamisso."

PLUMBAGINACEAE.

132. Armeria vulgaris Willd. Enum. 133. Statice Armeria
Sp. Pi. 274. 1753.—Root vertical, slender, fusiform : caudex

***iv clothed below with the brown sheathing dilated petioles

ormer leaves
; above with the rosulate cluster of green leaves :

i

csc

;
lnear

» obtuse or acute, about as broad as the scape and

4 nes shorter, ciliate on the margins, otherwise entire:

us, 1 -2 dm high, capped by the head of flowers;
fewest

glabro

the stem, connate, laciniate, brown ;—******5 mc stem, cuiiiicuc, id^iiiiatc, 1^1^**1* ,

J*
ones brown tinged with pink, orbicular or broadly ovate,

WWOUS, scariniic. : .. « • •!«.- u..*

"•oner.
inner ones among the flowers similar but

e flowers : these on short slender pedicels

:

'

* lth the border 5-toothed, with erosely margined submu-

H tahTl

n°bed
. hairy on the ribs below, white suffused with

with 10 ribs densely clothed with upwardly-
tube

jessed

This

**«been
<j.

ne
** numerous fonns of this variable species, some of which

as distinct.

[ To be concluded^



AN EMBRYOLOGICAL STUDY OF LIMNOCHARIS

EMARGINATA.
John Galentine Hall.

(with plate ix)

inata is of South American origin. The

plants from which material was taken for study are growing

in a large tank in the aquatic house at North Easton, under

conditions that appear to be normal, and are certainly favorab

for propagation, as is shown by the maturing of abundant $<

from the self-pollinated flowers, and the large number of

emar.

tvv

eee-

lings that spring up spontaneously in the tank.

The discrepancies in the comparative embryology of ttc

group to which Limnocharis belongs, as represented by

work of Marshall Ward, Schaffner, Campbell, and other

seemed to justify careful examination of the present material

I shall give no account of the general morphology, as Buc e

has described the development of the flower and of the tis>uc

the growing point. ,

The ovules in their general development follow ven c

the development of the ovules of Butomus utnbellatus as desC^
by Marshall Ward. They arise "as emergences from the *^
of the carpels without definite placental arrangement,

subsequent development is of the usual angiosperrnou^r

except the history of the embryo sac. Each integw

composed of two layers of cells, the inner being a tn «^
than the outer, and forming a considerable mass of tissue

apex of the ovule around the micropyle, as is the case u

and Zannichellia. From the outer coat, soon after te

certain cells begin to develop into short hairs that grv the
I

[

ft

b£
a rough appearance. Long before the seed coats

r ,
• j « nne side (/'

form, the growth of the ovule is more rapid on one

and anatropy is already marked when the rudiments

{fig-

214
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Very early it is possible to distinguish the single hypodermal
ell that forms the archesporium {Jig. 2). It is somewhat

the nucleus is consider-

ells. There is a tapetum
t off by the archesporial cell, such as is described by Campbell

ablv

for Xaias and Zannichellia. In Limnocharis, however, the
tapet

pushed towards the apex
Ql the sac

[fig. 4 ) y where it disappears in the later stages of
development. The large cell left after the formation of the

becomes the embryo sac without further division.
About the time the first division takes place in the embryo sac
«*epidermal cell that overlies it divides by a periclinal wall,
™njf a false tapetal cell {fig. 4 ). \ n Butomus, according to«n all Ward, there are two cells cut off in succession from

divid

PCX
° f ^ archesPorial cells

>
and sometimes the first one

J"
e
* once longitudinally. These three cells have very deli-

ThT
WaHS

'

and S0°n disaPPear -

consider

11

^
00 ° f^ nudear changes »" the embryo sac differs

era
y from the ordinary in the last stages. After the

r

rate

f thC meSasPore nucleus, the two daughter nuclei

*wpylar e

ea

H

h '^ ° f thC SaC
-

The °ne that *°eS t0 the

*® appar
PaSSCS throu£h the usual divisions to form the

S*s to t n

atUS and UPPCr P°lar nucleus
>

vvhile the one that

^^.MaXiUV ?
d rCmamS UndividCd^^ In

Tined
Sa}'

S that sometimes only two nuclei

*** fuses

at

h

hC antipodal end of the sac, and that one of

kantipodT
the UPPCr Polar ' leaving onl>' one antipodal.

l^mus J *

,

n0t CUt off b-V a wall from the sac in Limnocharis,

lcellwaU
While 'n ^-^ttaria, ^Naias, and Zanni-

The
seconds

arC f°rmed around each of the antipodal nuclei.

*Vi<ics
transve^

3 nUCleUS at the m icropylar end of the sac

^ l«i divides^

1^ ĝ' 5 ^ and then each of the resulting

,4,e0us!
y. maki°

ngltUdinally
{figS

'

6~7^ but not aIwa>'S Simul "

*** °»e of th^
thC USUal f°Ur at that end of the sac

'
The

^T Polar; whl
UV° nUclei

'
b^ division, makes the egg and

1 e the other forms the two synergids.
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fc»
nuclew

f

At this time, the upper polar nucleus {fig. 8) begins a migration

toward the antipodal end of the sac, at the same time increasing

somewhat in size, so that it has very much the appearance of as

endosperm nucleus. This m
reaches the region of the antipodal nucleus {fig. o), though no

fusion takes place, for the latter can be seen in all but the ver

latest stages of the embryo sac and embryo. The upper polar

nucleus, when it has approached the antipodal end of the sa

divides transversely
(fig. 10). The lower daughter nucleus

remains in the position of its formation, being cut off by a wail

across the sac (figs. 11-12), and forming a large cell that does

not divide further, but finally disappears through the encroach-

ment of the endosperm. In Butomus umbellatus, Marshall \

says that the two polars approach the middle of the sac, where

they fuse, forming a definitive nucleus, and leaving only one

antipodal nucleus. In Sagittaria, Schaffner shows a similar

division of a large nucleus, and formation of a wall across the

sac, near the antipodal end, which he says takes place after the

fusion of the polar nuclei ; and he states that frequent; «

nucleus of the cell cut off toward the lower end of the sac df

to form two or three, when the embryo is in about an ei

celled stage. Campbell describes a similar large nucleus in b

Naias and Zannichellia, but does not state definitely what r-

origin. He~makes no mention of any wall cutting it off ^
the rest of the endosperm, but suggests that it may be the

1 • ( the onew
polar nucleus. Such cannot possibly be the origin ot tnc

T
•

* e a Caff
Umnocharis, because there is no lower polar formea.

also says that the nucleus resembles the suspensor nu

Naias and Zannichellia, which is the case in Umnocharis. cn

II

that the nucleus stains more readily than the susP
enS

^ the ^
The upper daughter nucleus travels back towar

1 • • ' n forrns
lw

apparatus
(figs . 7/ , l2), and by its further division ^ ^

endosperm. At an early stage the endosperm consists _
in wa single layer of granular protoplasm lining the sac, m

^ ^^
embedded free nuclei, as in Naias and Zannichellia; bu^

^
Umnocharis, walls are formed, although they are no
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distinguishable. Schaffner says that the endosperm is not

abundant in Alisma ; but as he does not follow the development
of the embryo" far, might it not be, as in the present case, that it

inallv completely fills the sac ?

Before the polar nucleus, which forms the endosperm, has
>ne through the first division, fertilization has taken place ; for

at this time the egg nucleus has divided so that there are now
wo nuclei in the young embryo {fig. 12), and the remains of the
pollen tube can be seen in many cases. Actual fusion of sperm
nucleus and egg was not observed. It is evident that fertiliza-

'on takes place very soon after pollination, from the fact that
latenal killed within eighteen hours after pollination showed
K embryo in a two-celled stage, with the disintegrating
remains of the pollen tube near by. Fertilization probably
occurs m the first night after pollination.

or the study of the development of the embryo, most of
e Wales, which are U-shaped, were taken from the ovary and

•bedded m watch glasses for sectioning.

,*a j- .^ division of the egg after fertilization is transverse,
and div Hpc tK,-. n •

Xk .

uestne cell into suspensor and embryo-cell (fig. 13).

U-iT^
SUSRensor cel1 increases very much in size (figs.

1Vei

an exceptionally large nucleus, and never divides
w case of polyembryony. In this case it divides and sub-j <J J w **y • x ll tmo i-ciac it uiviuca aim juu

buds s
° °rm a" embr

.
v°genic mass, from which grow out as

7throZ?
X J0Ung embr>*os (fi&- '7 «,»>'), somewhat as in

mature
Talipa Gesfieri. Wh

'i
I

cannot say, for polyembryony is not very fre-

&c -iinT \
WaS

,

unable to fi"d any older stages than those

ages.

Th

*r the

although I observed a number of younger

- "<* ori^T
501

^ in the °lder embry° is not wholly composed

^comef
SUSPensor cell, but appropriates some of the cells

ttes four a
terminal segment until it contains some-

Sion » alw,
GVen five Cells (^- 28

>
29\ The second divi "

ce {figln three d'ff
; ' miuu «i»«~« —

—

ainerent directions, transversely, vertically, and
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obliquely {figs. 15, 18, 19). In cases it is vertical or obliqiu

the growing point and the cotyledon both arise from terminal

segments, agreeing with Zannichellia in this particular, but dif-

fering from Naias. After having examined a very large amount

of material, I have come to the conclusion that there is no regu-

lar order of division in the active nuclei of the young embryo,

at least after the first u
have thought that where descriptions do not agree it should per-

haps be ascribed to the variation of development rather than to

any incorrect statements or observations of the earlier writers.

In figs. 24 and 25 there are four transverse walls formed; in//.

25 there is no sign of division of the terminal cell; while m/jf.

24 the terminal cell is in process of division. In fig. ^ ther

are three transverse walls, the terminal cell being divided verti-

cally, while the cell next to the suspensor is in process of divi-

sion.

In the further development it was impossible to follow e

order of the divisions, and in the older stages of the emb

|^
seemed that the growing point was of lateral origin a )

{figs. 22, 28, 29, jo). The mature embryo is U-shaped (#.JJ

and the growing point is in the basal quarter of the em r.

apparently wholly surrounded by the epidermal layer.

This work was done at the Ames Botanical Labor*
.

North Easton, Mass., under the direction of Oakes Ames.

North Cambridge, Mass.
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EXPLANATION OF PLATE IX.

Fig. 1 Very young ovule.

Figs. 2, 3. Older stages of ovule showing archesporium (h).

Fig. 4. Ovule; es, embryo-sac; //, false tapetal cell; /, tapetum.

Figs. 5-7. Different stages of embryo-sac ; a, antipodal.

Fig. 8. Mature embryo-sac ; a, antipodal ; up, upper polar ; e t egg cell

;

ss, synergids.

and
polar (up) in process of division.

Figs, ii, 12. Embryo-sac showing peculiar cell cut off from sac at antip-

odal end, and endosperm nucleus (en).

FlG. 13. Young embryo; e, "embryo-cell;" s, suspensor.

Figs. 14-16. Succeeding stages of young embryo; fig. 15, two sections

of same embryo.

rlGS. 17 a, b
% c. Three sections of one embryogenic mass (em) with

embryo-buds (e).

GS. ^'30- Stages of embryo
; gp t

growing point \nfigs. 22-2Q.
F*G. 31. Mature embryo

; gp, growing point.



GENERIC NOMENCLATURE.
C. L. Shear.

The application and limitation of generic names is a subjec

which has lately received considerable attention, not only from

botanists, but from systematic biologists in general. Efforts to

. use

ea

and quite naturally have been directed chiefly to specific do-

nations. To one who will give the matter careful consideration,

however, it must appear clear that the stability of the genenc

name is of primary importance, and must be secured be ore

can hope for stability of the binomial. I am aware that que

tions of nomenclature are considered beneath the no ic

some botanists, especially some of those whose fields of la or

not bring them into very close contact with taxonomy; but

is no student of plant life in any of its multidudinous p
a-^

but must have occasion at some time to use plant nam
.

hence should be interested to some degree, at least, in c j

cere effort to secure stability and uniformity in nomenc a

j A<> the SUul^ 1*

Personally, I have long tried to avoid and evade
^ '

j

believing that too great importance was attributed to i .
and

biologic
am still far from regarding it as an equivalent ror

^^
research

; but having undertaken some taxonomic wor *^^
myself confronted by certain questions that must

^j-n
The present discussion of this subject relates espec m^

the fungi, as I have made no special investigation o

tions prevailing in any other group except the grass .^ ^
To one who has never had occasion to trace t e "^

history of a generic name through literature, it

""^^J oaB,e

there is very little diversity in the application of » ^_
but a careful comparison of the use and interpretation ^

i the fact tnai

different authors soon reveals tne anames

220
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1

followed his favorite author or his individual preference or con-

ception, which is not always based upon any serious consider-

ation of the consequences, and leads naturally to little uniformity,

vn abundance of instances verifying this statement might be

cited, but we shall take space to refer to only a few. . Let us

glance first at one or two of the older genera. Take for example

us Lycoperdon. So far as we know, the name was first

Tournefort, 1 who gave brief descriptions of twenty-eight

species, including a considerable variety of Gasteromycetes.
His plate illustrating the genus represents four species, two of

which belong to the present genus as interpreted by DeToni. 2

The two others belong to distinct genera. It would require too
much pace to trace the entire history of the genus as interpreted
by different authors down to the present time. Michelius* and
most other authors until Linnaeus used the name in much the
»me sense as Tournefort. Linnaeus,* in Genera Plantarum,
^atly enlarged the scope of the genus, and included many

|

"ig previously separated by other authors. Interpreting his

'
Ca 0t the genus by the species referred to it in Species Planta-

Ue have a very heterogeneous collection. Of the nine
species

e is found in the genus as inter-

r e e m Saccardo, 2 and even that one is not included by some

fe

Cn authors
- Myxomycetes, Ascomycetes, and Uredineae are

infk!*!

nted amonS Linnaeus' species. Postlinnaean authors vary

^ interpretation of the genus, and also as to whom it should
^edited. The conceptions of Tournefort and Michelius, as

the a-

m r lllustrations of species, have apparently exercised

^atest lnfluence, and have led to the present more or less

interpretation of the genus. The present application of

w their i

be

general

he

cali^Tu *?•
the natural outcome of following what might be

aUed the Imes of !«., _:„. ..-.,. ,.._ L_,_ u_ L..
nated the

Method

• of least resistance, which has lately been desig-
' residue method," but was at first really no conscious

at all.

DZ;r' InsReiHerb
- i: ^.,/.^, I7oo

'en. 217. 1729. «Linn\-ei/S, Gen. PI. 328. 1737
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The genus Agaricus affords another interesting example

established by Tournefort, 5 who referred to it chiefly species of

Polyporus in the sense of Saccardo, and figured as representing his

idea of the genus, Polyporus fomentarius (L.) Fr. It was later

taken up by Dillenius 6 and also Linnaeus, 7 who referred to it

chiefly lamellate forms. Since, the genus has been divided and

subdivided until the name has become entirely displaced orrele

gated to a few imperfectly described species which could not be

definitely referred. Karsten, Patouillard, and Saccardo
8 have

applied the name to a group of species, including the common

mushroom, Agaricus campestris L. But why should it be retained

for this group rather than for any of the dozen or more group

to which it had equal claim? If any reason were given, it

would probably be that this was the best known group, contain-

ing the species which has long been grown and collected tor

food.

The history of the genus Sphaeria Haller* is also very inter-

esting, and shows how names are entirely displaced, or relegated

to groups of insufficiently described species or indeterminate

odds and ends of old authors.

Lest it should be inferred that such laisserfaire
proceeding

are characteristic of the older authors only, we may call atten-

tion to one or two modern instances. Take the genus Vdstn*

Ces. & De Not.,- for example. Four species were positive

referred to the genus and five others doubtfully by these author*.

Later De Notaris " described and referred to the genus

5 Tournefort, Ins. Rei Herb, i : 562. pi. 330. 1700.

'Dillenius, Nov. Gen. 75. 1719.

7 Linnaeus, Gen. PI. 327. 1737.—Sp. PL » : 1 17 * «7S3-

8 Saccardo, Syll. Fung. 5 : 993. 1887.

'Haller, Hist. Stirp. Helv. 3: 120. 1768.
,0 Cesati and De Notaris, Schem. Sfer. Ital. Asc. in Comm. Cnt Soc

1:205. 1863.
•ear**

the last publication cited. The preface to fasc. 2, in which the above crt
' ^ w

is dated December 1863, while the Schem. Sfer. Ital. is referred to »
fasc. 1 which is dated March 1863, indicating that it appeared ear 1
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more species, the last of which was V. Hliae. Now note the

tieatinent of this genus bv two recent authors, Saccardo " and

and Lindau.^ Saccardo included most of the species originally

referred to the genus by its authors and added a considerable

number of others. Lindau cites De Notaris as the sole author

of the genus, and restricts it to two species, only one of which

is mentioned, V. tiliae, which was referred to the genus by De
N -aris (/. c), but was not included in it by the original authors,

and was soon after taken as the type of the genus Hercospora b\

Tulasne.'* It is scarcely worth while to multiply examples

;

any one who cares to look into the matter will find them without

difficulty and in endless variety. For some cases of a similar

sort among genera of ferns consult Underwood. 15

It has been urged that instances of this kind are exceptional,

any one who takes the trouble to investigate the matter will

find that they are exasperatingly frequent among the fungi, and
am told by those who have investigated the matter that the

Case ls Poetically the same in other groups. The instances in

which old generic names have been entirely displaced or trans-
"rred t0 different plants from those originally included are

bt

U>1 numerous, and arise generally from the lack of uniformity
*n the subdivision or segregation of large or composite genera.

* genus is divided into several subgenera, these are in turn

to generic rank, the original name being entirely displaced
e

J

with an undeterminable or miscellaneous residue, which
c original author never included in it or at least did not regard

^ typical.

for

C attempt, so far as we know, to formulate any rule

*a/th
^^ m the seSregation or large or composite genera

at of the Paris code, article 54 of which reads as follows:

tent e^f
"" ^"^ CSt dWls€ en deux ou Plusieurs » le nom doit gtre con "

«t donne" a Tune des divisions principals. Si le genre contenait

n;^
ARD°.Syll.Fung. x:74I . l88 2.

J>A», Eng. and Prantl Pflanzenfamilien I. 1 : 470. 1897.U

,'
ASNE

'
l" R

-
& C - Sel Fung. Carp. 2 : 154. S 1863.

D1899, °°&
'
L> NL

< Rev. Gen. Ferns, Mem. Torr. Bot. Club 6:251 and 279-
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une section ou autre division qui, d'apres son nom ou ses especes, 6ta

;

type ou l'origine du groupe, le nom est reserve pour cette partie. 5

n'existe pas de section ou subdivision pareille, mais qu'une des fraction

detachees soit beaucoup plus nombreuse en especes que les autres.c'est a elk

que le nom doit etre reserve.

This rule is so indefinite, and requires so much in the way of

personal interpretation and judgment, that it has not produced

uniform results in the hands of those who have sincere.

t

n

attempted to use it as a guide. Kunze, 16 recognizing

impossibility of securing uniformity under this rule, proposed

a modification of it which should make it more definite. As no

particular period in the history of a genus is designated to be

taken as a basis for applying the Paris code rule, Kunze very

aptly remarks that it leaves us "uber die hochst wichtige Frage

im Unklaren." He emended this article so that it should require

the generic name to be applied to the majority of the specie

included in the genus at the time of its valid establishmen *

hoi

This has been designated the "species majority* me

While Kunze's amendment is a decided improvement, it w s^

incapable of giving us stability and uniformity in the app i

of generic names. ,.i,:rh6
r *u<, races m wniciJ

In the first place, it does not provide for the case* ^
but two species were originally referred to a &enaS'^ th

which may be equally entitled to retain the name » ^

genus is divided. The fatal difficulty, however, is^^

selection of the species which are to be considered as^ j^
to the genus must be based upon the reviser's conce

^'
av ciw_

genus, or upon the conception of the author tha
^ ^

to follow, and it is quite unnecessary to call atten^ ^
great diversity of generic concepts which has o tain

obtains, among botanists.
, f r the tre

The Rochester rules make no direct P
rovisi°n

ula

°

rJV
provided

ment of genera, but refer all questions not particu a
.

for to the Paris code.
h has been f°r

The so-called «' residue method" is the one whic ^ (^
generally accepted by adherents to the Rochester

* Kunze, O., Rev. Gen. PL 1 : xcir. 1891.

choose
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long sought in vain for an authoritative statement of this method,
but have until very recently been unable to learn of any attempt

formulate it. Thanks to Dr. Underwood, 1 ? who has bravely
attacked the problem of generic types, we have the following
tatement: "The method of 'residues' works on the principle

« the last species remaining in the genus from those originally
flamed by its author when the genus was founded shall consti-
tute the type of the genus and shall hold the generic name."

The fatal objection to this and to the other methods is that,
ocing capable of and depending upon the varied interpretation

ty different authors, it cannot lead to uniformity. Besides this
ere are many instances in which several genera, each contain-

g a number of species, were established at nearly the same
ait which make it impossible to adjust generic limitations bym~""~

of this method.
e fundamental failing of all these plans is that the generic

from

6 remainS movable
'
and is capable of being shifted about

one end of a series of species to the other, these species

U dTi
repr

J

Sentin& different genera and sometimes families.

„ci
•fordanl8 aptly puts it : "These methods have lacked the

^jportant element of inevitableness." The first and funda-

^eans f

° ta^en is to fix generic names at one point by

Kcdb° h"
aSSlgned ^VPe. in case none was originally desig-

Cook '9

e aUth° r
'

This method has already been proposed

exDertV
and aIs° by Underwood, /. c. We can scarcely^ to secure entir. ..«:* :._ ._ _ .. ... ,...r._. : ___ L

oeans

Th

Ram

era

entire uniformity in generic limitations, as
0rs natnrally differ in regard to the scope of gen-

*?S-
SUme

Practicat>le method can be devised for anchor-
8eilenc names ->»• g j
at je

dl nxed points, we shall alwavs know where to~" <u least th
— "—j" —

k*
enlar a

^ " eus of tne genus, however much it may have
_ I

8e Cl or cnntriM„J _• •. . .

The tvne
° r C°ntracted since its origin.

^ition^so"?^
001

'
n reSard to species has gained general

%et to S

S
° ar aS Present practice is concerned, though we
3

l >at one still occasionally sees new species

"*
C<>0K,0.

\ s

AN> D
-
S

-> Science N. S. 13 : 499. 29 Mr 1901.
cience N. S. 8 : 186-190. 12 Ag 1898; 513-516. 14 1898.

Vi
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US h;

described without the citation of a type specimen. The type

method is equally or even more necessary and applicable in the

case of genera ; but admitting the advisability and possibility ot

such a method the details still remain to be arranged. Cool

I.e., has discussed the question in general; Underwood, I.e., h;

formulated a set of rules for fixing types and applied them to

the genera of ferns; Jordan, /. c, has also recently given

views regarding the matter.

It seems very desirable and important that this matter should

be thoroughly investigated and discussed before any fixed plan

is adopted for putting the method into practice.

The essential features of any rule should be simplicity, clear

ness, and comprehensiveness. Rules which require or gi«

opportunity for personal choice or interpretation cannot lead o

uniform results. Provision should be made for all classes (

cases involved, and this necessitates a thorough knowledge o

all taxonomic literature. To one not familiar with the great

diversity of practice among the botanists of the eighteenth ceo

tury, the brief rule, "the first-named species of each genus sha

be regarded as its type," would seem to fulfill all the rcquir^

ments mentioned above. But would "the first-named specie*

apply to both polynomial and binomial species? ^n
_

would become of a genus whose author never referre

binomial species, but cited good figures of polynomial specie^

Rules will also have to be modified according to the time a^

as a starting point for genera. The present starting P°
int

Jv
•

Rochester rules, 1753, seems very illogical and unsatis ac
.

genera, and we believe will eventually be abandoned.

r

Let us examine briefly the various plans already P
r.^

for the fixing of types. Mr. Cook, who was one of t

J^
propose the type method, has published no formal sta^

rules, but says that genera should be fixed
" b>"

coD ^ ~
..

application of a generic name to the genus in whiChi «^ ^
type or first binomial species is included."

\Vhateve^_^^
^

ing point might be this would require that genera e5t

Q̂tU .

polynomialists should be interpreted by their first
succe
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their generic names with binomial species. Thus, in the case of

Haller, 9 this plan would lead to the application of his generic

names to different groups from those to which they would be

applied by taking his first species as a type. It may be the

intention, however, to disregard the genera of polynomialists

entirely, as well as all those based upon descriptions not accom-

panied by direct citation of binomial species.

Dr. Underwood, I.e., has formulated a series of rules and made
a practical application of them. He adopts 1753 as his starting

point, and designates what are to be regarded as valid genera as

follows: "[a) based on one or more previously described species

which are referred to with sufficient directness to be recognizable,

or lAl based on some species which is described for the first

time at the establishment of the genus itself."

For the selection of types the following rule is given :
" For

^h genus established, the first named species will be regarded
« the type." Two exceptions to this are made. One is that

wnaean genera must be traced to their types wherever they
or'ginated, and " in case the original generic name was used in

pother sense than that which it was adopted by Linnaeus, the

H* of the genus in the Linnsean sense must be determined
* erever it was first used." The other exception covers cases
i* ich "a definite statement of the type" is made bvthe author
01 the srennc

J r
genus.

resul

G appHcation of these rules leads to entirely different

Cook'
-™m t

-
0se which would be reached by following

Mr

..
P an> Tne difference is due in great part to the manner

[ene/
^ Underwood determines the types of Linnsean

u*pes

ra

for

Adopting I?53 as a startinS Point '

and then seIectin£
0r genera from Linnaeus's earlier work, appears rather

«»ogical Tft
— "o o ^.cmiw »,«».*, -rr -

whv „
.'

.

}pes are to be taken from works earlier than 1753.
") not dat

noredefinf
*5V '

iiltlc <xiaw *U*r *

nera . t.
Provisions for determining the types of such

gly? There also seems to be need

*«nera as th *
UCLCU1,ulllls L11C vr" J

but do no
° Adanson,~ which are accepted by Underwood

° appear to be interpreted according to any rigid rule.
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We follow these rules io

excellent review ot

an entirely unprejudiced manner, would not arrive at the same

results. This, however, is distinctly an effort in the right direc-

tion, and due credit should be given for it.

Dr. Jordan, I.e., in connection with his

the subject, suggests provisional rules for applying the type

method. His rule 2, which covers the principal points at issue.

is as follows: "If no type is designated by the author, either

explicitly or by clear implication, then the first species referred

to the genus or the species standing first on the page shall ta

considered as its type. A generic name should have no s
4"

ing if resting on definition alone, nor until associated with some

definite species.

tand-

> >

W„ 4tu «.. option of the expression " or by clear implica-

tion," this rule comes nearest to meeting the W™***^
simplicity, clearness, and comprehensiveness. The phrase re e

r j' > r
> u fVi^ author adc

to, however, as well as several exceptions which tne auu

^^
seems to present very undesirable opportunities for t e

<

^
of personal opinion and choice, which are so

formity.
les which

It is not our intention to attempt to offer a set o ro^
^

shall be perfect, and meet all the requirements of t e^-^

simply to avow our belief in the desirability and P'*^^
the type method, and to point out some of the ma^^
should be given careful consideration and investiga

amy rules are generally adopted.
-election

*

Of primary importance in this connection is t e^ ^^
a starting point for genera which may meet with ge

ance.ce "

he treatnie
Dt

Definite provision should also be made for t

^ ^^
genera having no binomial species referred to

^
^..^

of their original description. It seems scarce yj^ ^ ^
a generic name because it happened to ongina

5eS lifce

Haller
-»\ or in ca

normalise (^. g., Haller, to cite a case after l 753Jh
.^ab|e

that of Adanson, /. c, when definite figures of iden

are cited instead of specific names,

tx
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It is to be hoped that careful consideration and study will be

ven to all the different phases of this subject, and that it will

be thoroughly discussed from all points of view in order that any

authoritative action in the way of formulating rules which may
be taken may fully meet the requirements of the case and not

prove premature.

Washington, D. C.



BRIEFER ARTICLES.

NOTES ON SOME AMERICAN TREES.

Fraxinus catawbiensis, n. sp.— A large tree 2o-35
ra

in height,

a cylindrical or gently tapering trunk often 7
dm

in diameter, and

straight ascending branches forming an oval crown ; the gray-hrort

bark on the trunk deeply furrowed, the ridges flat-topped and ire

quently anastomosing, that of the branches brown and smoother.

Twigs stout, somewhat flattened and quadrangular between the nodes,

about 5
mm

thick, the first season dark brown and velvety with a dm

pubescence, becoming gray-brown and glabrate the second year.,

marked with a few small pale gray lenticels ; the winter-buds dark

brown, scurfy, short and blunt ; leaf-scars large, lunate or semI
;
orb

^
lar. The leaves (2-3

dm Ion
pubesc

ic*

lubesceflt

petioles, consist of 7-9 drooping leaflets which are oblong- ovate, j

long, 4-5
cm wide, rounded or subcordate at base, taper-pointed at

apex, usually entire, thick and firm in texture, dark green and g
a r

on the upper surface, white and -•-— »—«* with brown pu

cenceon the midrib and primary veins, r u first »
The flowers appear in the vicinity of Raleigh, N. C, from l * '^

the middle of April. The fruit, which is borne in loose pen en.

^
ters, is about 3™ long, the cylindrical brown body about i

c

°»8
^

3
mni

thick, the narrow ligulate wing about 4""" ™de
>

r,Pen*
*

in October ; calyx glabrous, scarcely i
mra long, sharply toot e

"^^
The Catawba ash frequents the alluvial river banks of t e^^

region of the Carolinas, growing with the black birch, re .'
uncoffi**

the white and green ashes, and the bitternut hickory; and »
c

, • j f 1 1 nni and Marion.

in the vicinity of Raleigh, N. C, at an altitude of no
.

an
^ ^ [{

along the Catawba river and its tributaries, at an altitu e
0^ ^^

closely related to the white ash, from which it is separate
,^^

foliage, glaucous white beneath, the soft pubescence of the:Wg^ f ^
iepara^darker

funda, which it closely resembles in foliage and pubescence,

by the shorter and smaller fruit and smaller calyx.
jned*

Tilia heterophylla Vent.—The northern limit _» m
usually given in the mountains of Pennsylvania :

this
. ^

230
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asvjned by Professor Sargent in his Sylva, and in the sixth edition of

»ray's Manual, and in Britton and Brown's Flora of the Northern States.

in 1 )i the writer collected specimens of a linden from Fall creek,

tear Ithaca. X. Y., and in 1897 similar specimens from near Watkins

*n. New York, which are undoubtedly from the white linden, having

ose silvery pubescence on the lower surface of the leaves, and the

wbglobose fruit covered with short cinereous tomentum, characters

common to no other species of the eastern United States.

Tilia eburnea, n. sp.— A tree io-2 2
m

in height, with dark gray-

brown furrowed bark on the trunk, and smoother silver-gray bark on

Ac branches. Twigs stout, 5-6mm thick, soft, glabrous, occasionally

sparingly glaucous, those of the season bright green, brown or red-

eem, becoming gray the second year; buds large, ovate, glabrous,

sometimes glaucous. The leaves are ovate or round-ovate, 8-14™ long,

if* wide, abruptly acuminate at the apex, obliquely cordate or

truncate at the entire base, sharply serrate, thick, dark green and
glabrous above, densely pubescent beneath with soft white hairs which
*c sometimes deciduous by autumn; petioles and primary veins glab-
m$

'
often glaucous. The pedunculate bract is 10- i2

cm long, oblon.
**pathulate, rounded at the apex, rounded or acute at base, sessile or

)' so, glabrate above, often soft-pubescent beneath. The flowers,

* » appear about the middle of Tune, are smaller than those of Tilia

Piytta, and the sepals and peduncles more pubescent than in that

J^Ks. I he ovary and young fruit are densely pubescent with short

*" haus
;
the mature fruit is 5-7

mm thick, globular or somewhat
ker than !°ng> and not pointed.

^rom Tilia heterophylla, which it much resembles and with which it is

^^ iated, Tilia eburnea is separated by the softer and looser pubes-

**i a^
' tS f°llage- its smaller flowers, somewhat earlier time of flowering,

lra
^'
toT'"

br0Wn tomentum of lhe ovary and fruit which is in strong con-

,

e ver
) close cinereous pubescence that clothes the fruit of 7

J * From r. pubescent it is distinguished by having larger flowers,

«». larger and broader foliage which is white (not gray or brown)
^ beneath.

i , +

us twi

Mfcac

»J?'
Urnea is found from middle North Carolina to northern Georgia

. r^ .

d 7o°m elevation, on rich moist soil near small streams or on
s opes. It i s usuan v associated with the red oak, red maple, white

!
°* p°Plar

. but is nowhere a common tree. In the cool hollows
r,<ige in North and South Carolina it occurs with the white linde

P cool

•*. and v

a

Mother rel a
JUUl" Carolina u occurs* win

ated sP«*ies which seems to be undescribed.
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Crataegus cibilis, n. sp.— A tree 4-6™ in height, with a short

unarmed trunk having dark gray nearly black scaly bark, and numer-

ous long spreading branches forming a globose crown. Twigs soon

glabrous, thick, soft, russet or red-brown, straight or nearly so, armed

with very few short thorns 2-3"" long. Leaves thin, on the upper surface

bright green and glabrous except on the midrib, on the lower somewhat

paler and sparingly pubescent, especially on the veins ;
the blades

ovate deltoid or nearly orbicular, 7-o
cm long, 5-8™ wide, rounded or

truncate at the usually entire base, subacute or obtuse at the apex,

sharply doubly serrate and with 2-4 pairs of short notches above the

middle; petiole slender, one-half the length of the blade, villo

Inflorescence a nearly simple 4-8 -flowered cyme; pedicels slender

erect, villous, the lower elongated. The flowers, which appear at Hot

springs, North Carolina, early in May or the last of April, when

^
e

leaves are about half grown, are 2o-2 4
cm wide; calyx large, cup-shapedr

glabrous, the elongated ligulate or narrowly triangular sharply serrate

lobes spreading or ascending after anthesis; stamens 20, anthers nea v

white. The fruit, borne in nearly simple clusters, on long sPre*^
or drooping nearly glabrous pedicels, and falling with the pe «*

attached before or with the leaves in October, is depressed go h

. fL„ wp full ana

i2-i5 ram
thick and not quite so long, concave at the Dasc,

rounded at the apex, dark red, capped by the large ascending c^

lobes; the cavity broad and deep; flesh thick, firm, yellow,^'^^
usually 5.7-8

cm
long, lateral faces nearly plane, grooved on t e n

osed is related to Crataegus ^'^'^
back.

below, from which it is se Fre^
larger glabrous ascending calyx lobes. It occurs on the bankso^^
Broad river in Madison county, North Carolina, and Indian cr

county, Tennessee. , .

, . v
t w j th a S"0IX

Crataegus altrix, n. sp.—Arborescent, 5-7™ m ne,& .
' numero*

usually unarmed trunk i-2dm thick, dividing above u o

form
eio-

UUI"uma ' U1 spiwumg spdiiugiy «uiw
t hrown and w^

bose or flattened crown; the bark on the trunk darK d
^

by shallow furrows into narrow ridges, that on the branc ^
thornand smoother. Twigs brown, stout, glabrous, or Beany

brittle, somewhat geniculate, armed with few short (2^ ^ ^
Leaves ample, dark green and nearly glabrous above '

broadlv
*a»

soft-pubescent on the lower surface, the blades ovate



W] BRIEFER ARTICLES 233

l i
m

long> 5- IlCm wide, rounded or truncate at the serrate base,

acute or obtuse at the apex, sharply and coarsely serrate or doubly
serrate, mith a pair of prominent notches at the base, and often less

conspicuous notches above, 6-8 pairs of prominent veins, the lowest

pair spreading
; petiole terete or nearly so, at first pubescent, at length

aorly glabrous. Inflorescence a several -flowered somewhat compound
cyme

; pedicels strict, erect, at first pubescent, soon glabrate ; calyx
large, cup-shaped, soon glabrate, the oblong glabrate serrate or nearly
entire lobes reflexed after anthesis and often deciduous before the
fa falls; flowers about 2omm wide; stamens 20; anthers white; styles

4
: The fruit, which falls in September or October before the leaves,

wrne in simple, few-fruited clusters on nodding or declined pedicels,

8 glabrous, globose, i 3-i8
mm

thick, bright gloSsy red, sparingly
faucous, and often capped by the persistent reflexed lobes ; flesh
^'ck, deep yellow, very sweet ; seeds 4-5, nearly central in the fruit,

7 'ong, somewhat grooved on the narrow back, the lateral faces
P«ne.

The

j
1mi

type material was collected by the writer along streams and in pas-^n northern Illinois. Crataegus altrix is evidently related to C. cana-

_^ arg.. but has much larger foliage and fruit. It is more closely related
ps to C. cibilis, above proposed, of the southern Appalachians.

naarmed^
8 '******'' n

'
Sp'~A tree 3-5'° in height, with a short usually

krk 1 d

trUnk C°Vered with dark §ray or nearly black rough or scaly

fcppedCT

Wlth Iong spreading branches which form a round or flat-

jbbrate

Cr

°K-

n TW 'gS at firSt villous with matted gray hairs, at length

k* shon

l

h"*'

S° ft
'
russet "br0wn

> straight or nearly so, armed with

j

0rns- Leaves thin for the group even when mature, above

P^escenT- ^ ** fiFSt pubescent
> but soon glabrate, beneath soft

ro°nded Jr b
^^^ °VatC in outline

' ^12™ lon£' 6~^m wide '

**$? and

r°adIy
°Uneate at the entire base

»
acuminate at the apex,

ot
i nfl

C
„°
arSely doubly serrate, seldom notched; petiole slender,

^ which

rCSCence a nearly simple 5-10-flowered villous cyme; the

%(early

1

|0r

a
f
Pear in northern Illinois from the 1st to the 10th of

*°W 2* --J §rouP) when the leaves are about half grown, are
wide

"**
P«besce

' * IargC
'
obconic

'
vill<>us, the elongated triangular

^ens 20 a^h
SharpIy &landular, serrate, spreading after anthesis

;

1 S? spread

6*5 ^'^ ThC frUit
'
b°rne in usuaI1y simP!e clusters

^'S'-thickV
112 Vill°US ° r neaHy Serous pedicels, is pyriform

»
ark red, glabrate except at the apex, capped by the
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large ascending nearly sessile calyx-lobes; cavity broad and deep

flesh thick, yellow, very sweet; seeds usually 5,
6-8""" long, grooved on

the back, the lateral faces nearly plane.

The species above proposed is related to C. mollis, from which is

separated by the different outline of the leaf, with its very sharp serraturft

more simple inflorescence, somewhat later period of flowering, and la

erect calyx-lobes. The fruit matures early in Octoher and falls eari -

W. W. Ashe, Raleigh, N. C.

*>-.>

BLACK ROT OF ORANGES.

A fungous disease of navel oranges has attracted attention in

orange-growing districts of California for the past eight or ten ye;

and was named black rot by the writer on account of the color t

diseased tissues. The losses due to this disease will run from 3

M

per cent, of the navel crop, and as the cultivation of the navel une,

in the state is extensive the total losses are proportionately heavy

en'

The

color

Oranges are attacked through the navel, the fungus hyphae

ing cracks or other imperfections of the peel of those parte

cells of the pulp sacks are destroyed, and soon become b ac
^

and bitter to the taste. The peel is left uninjured until ^.^
has made considerable progress within, but finally become* ^
darkened in color over the affected parts. The fungus

freely among the pulp' sacks, which are wholly destroy ^^
the mycelium extends, but this destruction of tissue rare^ w ^
more than one-fourth of the fruit, and is commonly con ^^
tissues lying near to and at one side of the navel, in e

prematurely, showing an exceptionally high color, an

the tree.
of ^terrarw

The fungus inducing this disease is a new speci
-^^

and its conidia are produced upon the surface of t e a

^

far a*

fall

m

ansaim us coniaia are proaucea upuu mm; w*—
cultures

The life cycle has been studied by means of single spore ^^
detailed descriptions and illustrations are reserved 0^ ^
together with facts relative to preventive treatment.

^ ^^
specific characterization may be accredited to Ellis an ^^

Alternaria citri, n. sp.— In oranges in Ca
'

^ndant , I*

olivaceous, becoming nearly black. Mycelium a

^ or |i«*

interwoven, gray, consisting of slender, septate* ye
mim,^

ceous-hyaline threads, penetrating and overrunning

. K-rf
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branched, the branches mostly a little swollen at the apex and bearing
ie terminal variously shaped conidia, which are obovate, oblong-

dliptical or subglobose at first, 10-22X8-15^ diam., and mostly
•septate, finally large, 25-40 X 15-25/*, short-clavate-oblong, 4-6-

septateand slightly constricted at the septa, the cells divided by one
or more longitudinal septa, dark olive-brown. The conidia are
oftener 3-6-catenulate in series, either simple or branched. As
shown by cultures, secondary conidia often arise directly from the
primary, thus giving rise to a secondary series. The cells of the
conidia at maturity incline to assume a spherical shape, and the
conidia then resemble somewhat asci filled with globose sporidia.

From its habitat (inside the orange) and the character of the
d>a this seems distinct from A. tenuis Nees, on orange leaves.—

Newtom B. Pierce, Dept. Agric, Bureau of
Pacific Coast Laboratory, Santa Ana, Ca/tf,



CURRENT LITERATURE.
BOOK REVIEWS.

The mutation theory. 1

Contributions to the theory of evolution have been many, but in these

later years progress has been very slow, largely because philosophical spec,

lations and acrid discussions have dominated facts. The chief value of tail

great work of De Vries is that it makes a constant appeal to experiment and

careful observation. The volume before us is but half of his work, doubtle.

the more important half, since it contains the brilliant experimental wo«

which has led the author to present to the world his theory of the ongm

species. The second volume is to deal with the principles of hybnd.zauon.

^

The theory of mutation is not new. Darwin recognized it "P^J^
his earlier works, holding that "single variations" or sports av*

^

reckoned with, as well as natural selection. Through the

'^^J^
lace and others, natural selection has in most quarters come to e

^
theory, though the importance of other factors has frequently ^"^

^

sized. As long ago as 1 864 Kolliker appealed to heterogene*S '

Scott ^
identical with mutation; the term "mutation" has been use

y -
1 ..• " Ms been used 0)

'**"

various writers, and the term " saltatory evolution nas u ^.^
others. Mutation involves the sudden origin of a new spec^^^
transitions or connecting links. Not all natural selectionists wou^ ^^
with this, since Darwin fully recognized the fact that ^'^ j^
rather than creates. Some selectionists, however, have e ^ cofflfort

selection is in reality a creative force, and to such De ries ^
to give. Indeed, he discards natural selection altogether, so

^ ^^ B

tion of species is concerned. Numerous experiments f ^ ^
others show that there is a definite limit to individual vana ^ ^ ^
the full advantage of selection along any one line can usu

^ ^^

I

Again
within a very few generations, as in the parsnip or carro

• '

curS a£ter
ar

that selection never fixes a character, but that reversion

^^ ^ a

number of generations of culture ; apparent exceptions ^ ^ ^9

are due to hybridization or mutation. Thus natural se
narr0W

lioaiA-

create anything new; it can improve only within defir"te .*
nS

Mutation,

*

and this improvement is possible only in artificial con

A Reobachtungen
»-

'De Vries, Hugo: Die Mutationstheorie. Versuche una "
with eigbt

##**

Entstehung von Arten im Pflanzenreich, Vol. L 8vo, pp- 4j^ ReV.G&-

plates and many text figures. Leipzig: Veit & Co., IQOI.

[HA**13 : 5-17- 1901.

236

'1

H

1



1902

1

CURRENT LITERATURE 2 3 7

he other hand, brings into existence something altogether new, the mutant

remains fixed from the outset, and if it is fit, it will survive the struggle for

existence as a new species. Mutability and variability are sharply con-

trasted
; variability is obviously governed by external factors, especially

nutrition, while mutability has no such obvious connection. Thus we may
say that most species are fixed and immutable, yet more or less variable from

their origin to their final extinction.

De Vries accepts Jordan's idea of species, viz., that within the Linnean

pedes there may be "elementary species" (varieties, of authors), which are

experimentally immutable. Jordan found about 200 immutable forms within

the ordinary species limits of Draba verna ; hence the idea that Draba verna

» a collective group, and that the 200 immutable forms represent true

species. In such cases the author favors a trinomial nomenclature.
Of a number of natural species studied, Oenothera Laniarckiana was the

0% one which appeared to be in a state of mutability. This species was
mA ruralized on a field near Hilversum, Holland, about 1875, and has

eased its area rapidly. When first observed by De Vries in 1886, two
elementary species were noticed among the normal forms, and were named

2
the author Oenothera brevistylis and laevifolia. Since that time these

nns have maintained themselves, in spite of hybridization and the struggle

^existence. From 1886 until now De Vries has made observations in the

at Hilversum, and has made almost innumerable cultures in the botanical

P*a at Amsterdam.

experimental results may be briefly summarized. Out of 50,000
The

ttttfiiiig

about

w ^
! *5 Per cent., were mutants, while 98.5 per cent, came true to seed.

Oenotk

sea
gigas From a great

*odv
°
tT
"^ SpCCieS the author selected the most promising for further

a^'k
e new species have proved to be quite distinct from one another

DeVii

01"^6 ParCnt sPecies - not only in one but in several characters.

are as foil

* ™ ^ exhaustive and satisfactory fashion that his new forms

U-£., O I
ent

!

tIed l° sPecific rank as any of the Onagra group of Oenothera

'*****•&**"' Lamarcki*na, muricata, cruciata, etc.). Indeed, it is pos-

tage SOl^
entifymost of the species with certainty, as early as the rosette

^
'are

m
VPeCleS haV 'ng r°Und and others §rasslike leaves

-

The mUta"

organs. 1^^^' occurring m all possible directions, involving all plant

^s/but
™6 °f thC mutants appear to have improved upon the parent

^tants ar"

1 "^ 'nstances thjs is not the case. The great majority of the

h sele- on

C°nStant from the outset ; there is no fixation of their characters

•^^tand^ff
'

-

S therC any reversion
- There are no transitions between

oibprmg. One extremely interesting result is that the mutants
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themselves show occasional mutations, and in many cases the same species

has arisen from different parents. There follow theoretical considera

which may be omitted here, except to state that De Vries believes in perioc:

mutability, since most species now appear to be immutable. What causes

mutability can only be conjectured
;
perhaps it is favored by generations e

excellent nutrition, perhaps by alternations of diverse conditions.

About half of the first volume deals more indirectly with mutation. One

section treats of nutrition and selection, another with the origin of gardes

varieties, the author finding general agreement in a number of cases with I

work on Oenothera.

Independently and all but simultaneously with De Vries, Korschinsky'

has brought together a vast mass of data under the title Heterogenesis mi

Evolution. From the records of gardeners and ta

attempted to show that most of the culture "varieties" have arisen througl

heterogenesis and not by means of selection. Such evidence is not very

trustworthy in special cases, but perhaps the mass of detail by its mere

quantity may help to strengthen the case as a whole. In any event

evidence and the fact that it is brought forward independently gives support

to the work of De Vries. Solms-Laubach* has presented evidence to 0*

that CaPsella Heegeri has arisen as a sport from C. Bursa-pastons. Car wr

thinks similarly for some Swedish forms of Succisa pratensis. C A.

J
reports cases of mutation in the Acme tomato. 4n a most admirabe pap

on the present condition of our knowledge as to the origin of sP
ecie5

a[]m
stein 6 holds that several theories are tenable, but that among them a

.

f his own 005*'*

of heterogenesis seems most important. He gives some 01 n
^j*

tions in support of this theory. Moll/ in an extended and highly appr^

review of De Vries's work, says that this is easily the most imP 'ta

^h j
thc

evolution since Darwin's Origin of Species. Schumann 8 holds t at^ -^
first work that has really established the evolution theory; he ^^
thA in^.n t\~ \r-™ - -f —<*-;—, onH the svstem oi tnnomi

Jordan

clature.
as to the tr*

It is much too early, of course, to venture a final opinion as

.. f -,11 rnntributions
'

value of this work. That it is one of the greatest ot all coi .^
literature of evolution is certain. That it will lead to a fkw ° ^ ^ *

investigation is assured, and perhaps this will be the author s&^ nlUtat«*

to the world. Whether natural selection has had its day, w e

^ ^
is the dominant method of the origin of species, and whether )o

* Flora 89 : 240-363. 190 1.
* Bot. Not. 1901 :

224-226.

3 Bot. Zeit. 58' : 167-190. 1900. 5 Science 14:841-844- '901 -

u»it iSi-200. i9°°-
6 Ber. Deutsch. Bot. Ges. 18 :

Generalversammlungshen io*

. o,. i/0- t™
7 Biol. Cent. 21:257-269; 289-305- 1901.

8 Bot. Cent. /•
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ssentar species" will replace the "collective species" of Linnaeus are ques-

that must be left for the future to answer.—H. C. Cowles.

MINOR NOTICES.
Edgar W. Olive has9 published a preliminary enumeration of the

Somphoreae, in advance of a more extended paper on the Acrasieae and their

allies. Twenty-five species are presented, only one member of the group

faving been heretofore reported from America. A new genus (iiuttulmopsis)

8 characterized, containing three species, and five other new species are

ribed.—J. M. C.

The fourth fascicle 10 of the list of the genera of seed plants accord-

to the Engler sequence has just appeared. The general character of the

***k was stated in this journal » in the notice of the first fascicle. In the

nt signature x 340 genera are listed, bringing the total number up to

82. This fascicle begins with Diptervx (Leguminosae) and ends with

Cochianthera (Guttiferae).—J. M. C.

The seventh part of Engler's Pfianzenreich has appeared, 12 and con-

Jw the Xaiadaceae (family 12 of the spermatophyte series), by A. B.
fcxJIe. The preliminary discussion is in English, and deals with the vege-

*£»« organs, anatomy, floral structure, geographic distribution, etc. The
*^Ite genus Naias is presented as including thirty-two species, N. marima
Uprising sixteen named varieties.—J. M. C.

arts 211 and 212 of Engler and Prantl's Natiirlichen Pflanzenfamilien
appeared. 12 The former contains the Lepidodendraceae, Bothrodendra-

**»€. Sim U-;« , __ L
.

m

Isoe

It is interesting to note that in Potonie's

^^ phytogeny the Lepidodendraceae give rise to the Araucarieae, and

UacoD

n

-

tllrn t0 thC °ther conifers
- Par* 212 contains the Dicranaceae,

fcwh.
15 *06*6, F,ssidentaceae, Calymperaceae, and Pottiaceae bv V. F.

«Wnerus.-J. M c
*

**B fetid
**' EXSICCATI» *»«*% noticed last month, are being issued m

IT* lre

C ' C CS b>
' Professor W. A. Kellerman, of the Ohio State University.

***»¥? exT
S°ld

'
bUt distributed to mycological students and collectors

iixteen numb

311^5
'

ThC firSt fascicle
>
issued November 20, 1901, contains

^ namber^'
the SPeCimenS be 'ng ample and wel1 Packeled '

Eight °
f

ers belong to the Uredineae, and the remainder to various para-

^ Knglerianu
>REE

'
C

' °' DE
'
a" d Harms

» a - : Genera Siphonogamarum ad sys-

t

"
um conscripta. Fasciculus quartus (signatura 31-40). Small 4to. PP-

-Bot I,

g VUheImKnSelmann, iqoi. M 4.

" 3° : 6"" ^oo. » Press of Wilhelm Engelmann, Leipzig.
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sitic micro-fungi. Beside the usual data on the labels some synonymy a

given, and also the original description of the species verbatim et literatim.

An entirely new feature of the distribution, and one to be commended high]

is the exact reproduction of the labels in the form of a journal article, to be

distributed as separates. The first issue is in the Ohio Naturalist (1:135-

140) of last November. Beside the labels, there is a page of introductory

matter.—J. C. Arthur.

The Bulletin de I'Herbier Boissier has undertaken to publish a carf

index 'J of the new species appearing since January i, 1901. The cards are

intended to be intercalated with those published in this country by Mi«

Josephine E. Clark. Unfortunately they are printed in sheets upon
1

tha

paper and are perforated for separation. The light weight of the stock, tbe

uneven size of the cards, and the ragged perforated edges will certainly pro*

exasperating to those who undertake to insert these among any standard

series of cards. The data furnished will be extremely valuable, but«»
the form of the publication will nullify the laudable intentions of the

1

C. R. B.

NOTES FOR STUDENTS.

Giovannozzi has studied » the mechanism and functions of t ro

^
movements in plants. Among the topics treated are movementS

to^joB „(

bracts and anthers, leaf movements, opening and closing of rults,
^° ,

awns, movements of the branches of conifers, dispersal of ^^^
commonly there is an unequal swelling of neighboring tissues,^^ (

tous cells in particular possessing great capacity for taking up wa

Cowles.

Dr. A. Zimmermann has discovered in the "scattered,large,t^^

hard warts " described by Trimen in Pavetta indica, as well as in

, .„( bacteria wnicu j~

allied species of Rubiaceae, the presence of masses 01 u ^^
trateinto intercellular spaces of the leaves while they are sj^^- pj0

.

and there develop into huge masses. The presence o t ^ renjaias

duces the wart. What are the relations between the two orga

for later experimental investigation. ,s— C. R. B.
^

Mitotic phenomena in the flagellate, Polytoma, are
-

etis de plante5, ™
•3 Index botanique universel des genres, espies et van ^ baffib*

depuis le I" Janvier 1901. Publie par le Bulletin de l'H erbier

sont

~

destinees
%'&

Suisse. 25 fr. par an. Suite a Index Kewensis. Ces fiches s

intercatees avec les "Card-Index Clark" amdricaines.

'* Nuov. Giorn. Bot. Ital. 8 : 207-237. 1901-
Rub^***"

j Kliittern ein

'SZimmkrman'n, A.: Ueber Bakterienknoten in den vi

Jahrb. Wiss. Bot. 37. 1-12. figs. f-Q. 190 *•
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waiek. 16 Of special interest is his account of a nuclear centrosome some-

wbat sin ar to that described for Euglena and some other flagellates. A
aaute body makes its appearance in the nucleus, moves to the periphery,

id is thrown out, surrounded by a clear area of protoplasm. The body then

i iesand the daughter centrosomes, taking position at opposite ends of the

cheated nucleus, become the poles of the spindle.— B. M. Davis.

Items of taxonomic interest are as follows: Carl Purdy (Proc.

t Acad. Sci. III. Bot. 2: 107-150. pis. 15-iQ. 1901) has published a

»on of Calochortus, not including the Mexican species. He recognizes 40

T. D. A. Cockerell (Torreya 1 : 142-143.

*") w proposed a new genus {Hesperaster) founded on Bartonia decape-
kia as (not the earlier Bartonia Muhl.) to include also certain species
iemofore referred to Mentzelia. Under this new generic name 9 species
Wplaced.-~J. C. Arthur (Bull. Torr. Bot. Club 28:661-666. 1901) has
«8*«> a series of Duhiiratinns entitled H New species of Uredineae," the first

Alice Eastwood {idem, 667-674) in publishing

•ccies,

•ttlimem containing

LUa

. .lOLL 1 * has devised an apparatus for focusing the projecting
•Kwcope

In order to give the demonstrator at the screen
over the focusing arrangement when very high magnification is

®*cd, he arranofl/i -*«. .i , . , , , . r
as been brought to approximate tocus,

ar in and out. The ocular is fixed to
chang

IjjjJj *. - «^ «ui» UVU1AI IU «I1U UUli lilt. ULUiai IO NAv.vi «.v

* *nT
°

H

Ck and
'
S entirel >' independent of the part carrying the objective.

pjjj^ . '
attacned to the front of the ocular carrier, passes around a

ttl* ana

6"06 ^^ another Pul,eY fixed to the ceiling, then to a wheel and

***&tdtoT
tm nCar thC Screen

-
A cord with an adjustable handle is

it
.

C wheel
- Two stout spiral springs in front of the ocular carrier

** enable*
^^ ^^ the tension of the cord is relaxed. The arrange-

*e «creen!!u
hedem°nStrat0r t0 contro1 the focusing from any position near

" ** • J- G. Land.

i/r, "
aas Published in a recent number of Pringsheim's Jahr-

A*hrviii,..^ °" the influence of various conditions on the respiration of

5,8
tion v •

' aPPears that when the fungus is deprived of food
ei7 promptly diminishes. Growth is suspended at the same

11
190 1.

'

^erntheilung und Vermehrung der Polytoma. Oester. Bot. Zeits.

•I ttJ

°y
"

S°C
'
AmSterdam

4 : 95-101. / pi. 1901.

^*a*l«*eii und'
hmun« bei Hungerzustanden und unter Einwirkung von

*
4- 190

1

m 'Schen Reizmitteln bei Aspergillus niger. Jahrb. Wis*. Bot.
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time, beginning again, with the increased respiration, upon the return d

nutriment. A sudden increase in the concentration of the surrounding

medium decreases the respiration, and vice versa. Severe mechanical injtr

accelerates respiration, as shown much better by Richards for phanerogam:

Respiration is accelerated by the presence of zinc, iron, and manganes

cocaine, strychnine, and sufficiently dilute ether. The variation in the resahl

(C02 evolved) from hour to hour is so excessive in many of the tables that

the conclusions should be called seriously in question they would be \w

supported here by very weak evidence.— E. B. Copeland.
»

Ikeno describes ,9 conditions of spore formation in Taphrina that fl^.

gest the need of further studies of this type and other members of the Ex«*-

ceae. Two nuclei, present in the young ascus, unite to form a large nuc

characterized by a conspicuous nuclelous. The latter appears to be chromatic

in character. The nuclear membrane shortly disappears and the chroraata

body proceeds to fragment. Ikeno found no mitotic phenomena. The ctoe-

matin globules simply split up until a number are present in the cytoplas

These small chromatin bodies then gather in groups in a common vac

Each body takes to it a certain amount of cytoplasm and a membrane fo

around the whole completes a spore. The spores later multiply great')
.

budding. It should be noted that Ikeno has failed to find here the process

of spore formation described by Harper in the ascus, nor is there yet t

progressive cleavage characteristic of the Phycomycetes.— B. M. D.^

Part of the recent literature on the physiology of reproduction is

^
marized by Klebs *> and utilized as the basis of an estimate of the m0* p

^
ising lines of work for the immediate future. The influence of lig i.^

spiration, and various foods on the initiation of the reproductive pp

have so far been found reasonably constant. But to justify g»

there is urgent need of a physiological study of reproduction ffl*^

able number of phanerogams. Conditions which do not direct va ^
initiation of the reproductive processes may greatly influence t

^^^^
quent course. Growth and reproduction are in antagonism to t ee^ ^
either, under favorable conditions, demands all available plastic ffl ^ rf

demands of growth on any external condition are less strict ^
reproduction. Klebs brings up more points in his condense

rffcBrf

than can even be mentioned in a review—among them, the re a
^jotf

ityand environment as controlling factors ;
the interrelation o *^

of reproduction (a question of minor importance among «S^
^

double fertilization and xenia. The possibility is pointed ou

^ cajeS »

to the reviewer little short of a certainty, that we must yet rec g

'Ike.n-o: Spore formation in Taphrina. Flora 88 : 229. I9° T - ^^
30 Klebs, G.: Einige Ergebnisse der Fortpflanzungs-

Physiologic

Bot. Gesells. 18:201-215. 1900.
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which the hereditary character of the male gametes has an influence outside of

cither embryo or endosperm, in the seed coats and fruit.— E. B. Copeland.

The effect of various kinds of nutrition on the formation of enzymes has

Went in experiments on Mon
studied in Java and fully des

-i

tralklatt

to different foods. It may develop ten different enzymes, all except

ehalase formed in the culture fluid (though not all under like conditions),

from They are malto-glucase (as

Went prefers to name the enzyme which changes maltose into glucose),

tftbalase. raffinasp. invprta^p rvtacp HiQctdc^ lir>aQP tyrosinase., lab enzvme.

and rvpsin. No retardation of the formation of the enzymes by the products

«* their activity could be observed in maltoglucase, invertase, diastase, or

The table below is an attempt to show diagrammatically the influence of

* various materials upon enzyme development. More minute details as to

ftds of food tested must be sought in the paper itself. The sign +
that the enzvme is formed with this food ; the sign O, that it is not

;

*« the case was not investigated.

the

Lab enzyme

Trypsm

Tyrosinase

MaitogIucase

Invertase

Diast

Casein Pep-
tone

+

+

Malt-
ose

O

Raf-
finose

Glu-
cose

Glycerin

O

+

+

+

+

+

O

O -}-?

+ + + +

+

+

+ +

+

+

+
___

—

+ ? +

+4- 4-

Acetic
acid

O

fcWlv b

S

rf

Ciear that 'n the Same plant the different enzymes are affected
ieeee

ie

=rently bv a\k r
r««« t..^ ^.^w ...... *.~.7-

fe* facts
foods

- The danger of generalizing too widely from

=.«,„.. ...
** yet ascertained is obvious. Tbese experiments also help to

'"' lQe 'dea, quite widely entertained, that enzyme devel

e ceil. Usually it is only well

-—1 -tunc wiaeiy enterta
kind of starved condition of thted cell

wuuiuon or tne cen. usuauy u
1

s wh.ch develop much enzyme.— Nina G. Holton"w«rr. F. A . F c
1 toonili

Ueber den Einfluss der Nahrung auf die Enzymbildung
Mophila (Mont.) Sacc. Jahrb. Wiss. Bot. 36 1611-664. 1901



OPEN LETTERS.

THE ACTION OF FUNGICIDES.

In Dr. Clark's 1 paper, in a recent number of the Botanical Gazftt

no attempt was made, as the author states, to discuss the literature of the

subject; but Rumm 2 has written a paper that has such evident bearing oe

the subject that it should have received attention. The latter reached

following conclusion, based on experimental evidence closely resembling that

adduced by Clark as indicating the solvent action on copper hvdroxid of

secretions or excretions from the cells: " Die Thatsachen, die tins Cak

we:

r*

man annimmt, dass von Beginn der Einwirkung des Kupferhydroxyds an

Spuren dieses Stoffes, welche durch aus den Algen austretende Sauna

gelost werden, wenigstens bis in die Wandsysteme der Algen vordringen nni

den Tod der letzteren bewirken." Rumm, however, failed to obtain t

same results with Puccinia spores. It thus appears that the only differed

between the explanation offered by Rumm and by Clark for the same p

nomenon is that the former postulates an acid solvent excretion from

cell, while the latter has shown that saline or other organic substances p

ably produce the same effects.
k the writer >

Clark also failed to notice a short preliminary paper oy wc ^
which are stated in outline results of investigation covering i* su

every phase of the several factors affecting the action of fungicides on ^
which Clark mentions on page 44 of his paper, with the excep"^ . ^
solvent action of the cell sap on copper hydroxid. The writer gave <^
of the experimental data which he had obtained, but enough were p

substantiate the claim made here. A reference to the writers paf*^
^

show the fact established that water must accompany copper

»•

Bordeaux mixture on peach foliage in order to produce toxic e ec

'Clark, Judson F.: On the toxic properties of some copper compound
d*

special reference to Bordeaux mixture. Bot. Gaz. 33 :
26-48- l 902 '

A inre *^*

'Rumm, C: Zur Kenntniss der Wirkung der Bordeauxbruhe ^^ |

teile auf Spirogyra longata und die Uredosporen von Puccinia co ^
Be

e*
stuck's Beitrage i : 81-156. 1897. A preliminary announc

. Deutsch. Bot. Gesells. 13: 189-192. 1895, and another -
ments in Jahresh. Vereins vaterl. Naturk. Wiirttemberg 54 : 322^27

*

a .^ Jj

ther discussion of same

3 Bain, Samuel M., The injury of fungicides to peach foliage-
-ci<»<*

14:221,222. 9Agi90l. [** tf*

244
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The writer also made an experiment on peach leaves quite similar to the

floe described by Clark, in order to determine whether the leaf gives off any

ttbstance having a solvent action on copper hydroxid, and obtained results

similar to those obtained by Clark. But these data do not per se show the

ution of copper hydroxid by leaves in general, because of the presence of

pun in the sinuses of the teeth of the leaf in question, apparently secreted by

w marginal glands. This gum remains, or is freshly secreted during most

of the functional life of the leaf, and must evidently be taken into account in

'awing conclusions from the experiment as made by Clark. There can be
tetle doubt, however, that soluble substances escaping from leaves into water
oc their surfaces will influence the solvent action of this liquid on copper
ardroxid. De Saussure found that washing leaves with distilled water
removes a considerable proportion of the alkaline salts contained in them,
*nd Gaudichaud and Sachs found that drops of water standing on leaves

acquire an alkaline reaction towards litmus.
h appears that Barth 4 was first to propose the theory of the action of

"•pcides on foliage which was stated by Clark. Droop and Wortmann*
**e said to have disproved Barth's theory, but the writer has not yet had
**«s to their publications.

a conclusion, the statement may be permitted that the writer does not
errate the importance of Dr. Clark's paper as a contribution to our

^
w edge of the fungicidal action of the Bordeaux mixture.—Samuel M.

'
bniver^y of Tennessee, Knoxville.

M

REJOINDER.

^ regard to the foregoing criticism of the treatment of the literature in

•ttno*''

! CaU attention aSain to the fact, which Professor Bain recognizes,
^attempt was made "to review the literature of the subject." 6

"fcpleted"*

1 l
° Ba ' n

'

S prt,il*rfimry Pa per, I may add that my paper was

:;...^;
,

: .

,1

^
!

!

n the ****** °* *e publishers mat week- befotc bit paper

b the
'"

to"*'
l may als° point out that his Paper was not concerned

^ifade^y^ ^ t0 h°W the Bordeaux mixture effects its mission as a

at!&re ard
****• ^^ °f my investigation of Bordeaux mixture; and

^ DUnf h°
^ in

^Urious effect frequently observed on the leaves of the

•

tho f

1 l diSGUSSed incidentally on page 44, I simply brought

with!

6

T°
rS Wh 'Ch seemed t0 me to be of importance in this con

ftp

°Ut

h
S an> exPerimental work except on the solvent action of

has °ref
°°Pper Mroxid deposited on the leaves. Barth's sug-

*<>» F r?
CrenCe t0 the effect of the mixture on the host plant only.—

• V.LA RK
, Corndl Univer$i

Cu,,?
5 L 6l

:

268. 269. 1895. s ze its . Pflanzenkrankh. 10:165- I9«»-
LAtK

- JUDSON F Rot nf -'«OT.GAZ. 33:26. I902.

*» e

'he



NEWS.

Imperial

German University of Prague.

Dr. Carl E. Cramer, professor of botany in the Swiss Polytechnic

Institute at Zurich, died November 24, 1901.

Dr. Friedrich Krasser has been appointed associate professor of

phytopaleontology in the Imperial University of Vienna.

Dr. F. W. Neger, privat-docent in the University at Munich, has been

called to a professorship in the Forest Academy at Eisenach.

Among the forthcoming publications of the Clarendon Press is aa

authorized translation of Schimper's Pflanzengeographie, by Percy

and W. R. Fisher.

Miss Susan M. Hallowell, professor of botany in Wellesley Co e^

has resigned the active duties of the post, which she has held since i87>

has been appointed professor emeritus. ,

Dr. J. R. Green, professor of botany to the Pharmaceutical Society

^

Great Britain, and author of several important books, has been e

fellow of Downing College, Cambridge.
.

M. J. Costantin, maitre de Conferences a l'Ecole norma
|* ^j^,,,.

Paris, has been made Professeur de Culture at the Museum d bistoir

relle, in place of M. Maxime Cornu, deceased.

Dr. A. Fischer, privat-docent in the University of Leipzig. ^ y

called to Basel to fill the chair left vacant by the death of Professor

Schimper. He will begin his work there in April.

Dr. Edward B. Copeland has been appointed instructor-m^
^^

Leland Stanford University. He will spend the remainder of t e
.

University of Chicago, assuming his new duties in the autumn.

Baron Sir F.

Naturalist states that a
memo-

botar

uaiu« -sir r. von Mueller, tor nearly torty-nve yc*^ &--

Victoria, was unveiled in November 26 by the Governor Genera .

Messrs. Henry Holt & Co. are just putting through t ep^ ^^by
edition of A manual of the flora of the Northern Stat*\ -^
Nathaniel Lord Britton, Director of the New York Botanica ->

^
^

Longmans, Green & Co. have in press an elementary p^^^
by Dr. D. T. MacDougal. The rights in his Experimental r ^

246
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published by Henry Holt & Co., have been purchased by Longmans, and the

plates have heen destroyed.

The venerable Dr. J. B. Jack, the well-known student of the Hepaticae,

died suddenly on August 14, 1901, in the 84th year of his age. His collec-

tion, exceedingly rich in the forms of European species, was purchased some

ue

The sale of the Botanisches Centralblatt does not affect the status of the

BakefU zum Botanisches Centralblatt, which since January has been the

property of Dr. O. Uhlworm, and will be continued under the joint editor-

*ipof Drs. Uhlworm and F. G. Kohl.

Thf. new Bulletin de V Herbier of the botanical institute at Bucharest,

published under the direction of Professor Vladesco, indicates an awakening

along botanical lines in Roumania. The articles are published in Roumanian
axi m French or German in parallel columns.

Professor W. J. Spillman, formerly of the Washington Agricultural

Experiment Station, has been appointed agrostologist of the United States

Department of Agriculture to succeed Mr. F. Lamson-Scribner, who is now
chief of the Philippine Bureau of Agriculture.

Another volume has appeared in Engler and Drude's monumental
fetation derErde, viz., an exhaustive treatise of the Illyrian region by Dr.

j**- This volume, together with an earlier one on the Caucasus region by

•
Radde, will be reviewed in the next issue of this journal.

hea>- ouncement of the fourth annual session of the University of

ana Biological Station at Flathead lake has been issued. The session

rom Ju 1 to August 16; among the courses offered is one by Mr.

^ S. Whitford, assistant in botany at the University of Chicago. A
r 0f lectures and excursions are planned.

Ktter h

N0TF fr°m thC American Naturalist the following items :
Dr. Georg

jaims ^J*^
aPP°inted docent for botany in the academy at Miinster. Dr.

toklasa has been made professor of plant production in the Bohemian
school at Prague. Dr. Hans Winkler has been made docent for

^*a«v at th*» tt^-

* Econo
tniversu

>' of Tiibingen.
J. R. Jackson, keeper of the Museum

W J"
51

';
Botan

-
v

-
and George Nicholson, curator of the Kew Gardens,^rc retired.

Alfred \v r
^,k„ , . '

ken ^ett died suddenly at his London home on

*wnical

^9th year. H
lome on January 23,

on Polygalaceae for
bias's /7

>ear
'

HC W3S author of the m°nograPh

***** auth
"7 Brasiliensis

> translator (with Dyer) of ^-M- o - ,

454 also f°

r

r
th Murra>') of an excellent Handbook of cryptogamic botany,

i*Pers. p
* P°Pular Flora of the Alps, besides numerous short

** Rova' \v
man> >ears he has been one of the editors of the fournal of

> al Microscopical Wi.(„oscopical Societ>
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From Budapest comes a new journal, Magyar Botanikai Lapok, under

the editorship of Dr. Degen Arpad, A. F. K£roly and Thaisz Lajos. As

Hungary was the only European state without an independent botanical jou

nal, it seemed good to the founders to fill this gap. The declared objects d

the journal are : (1) to supply a medium for the publication of notes on H

garian botany, especially the floristic and systematic features; (2) to secure

to Hungarians recognition for their botanical work by presenting it prope*

to the world
; (3) to keep Hungarians better informed of foreign inven-

tions. Articles in the first number appear in Latin or Magyar; in the

latter case they are also printed in German.

A new English botanical journal made its dgbut in janua

Announced as the British Botanical Journal, it appears as the New Phymt-

gist, and is to be issued monthly except in August and September, under the

editorship of Professor A. G. Tansley, of University College, London. It

proposes to be " a medium of easy communication and discussion betw

British botanists on all botanical subjects for announcing discover*

or theories, .... notices of important new books and papers,

inquiries or statements of difficulties on topics theoretical or ptM

tical." No doubt British botanists will welcome a journal of such gee

scope and we hope that it will receive generous support. The first n

shows an intent to carry out the ideas set forth by the editor. Typog F

ically the number is open to much improvement, particularly in the arrange

ment of the contents.

The Minnesota Seaside Station party of 1902 plans to Ieav

^_jaCS

apolis on July 12, just at the close of the meeting of the Nationa I

a
tional Association. It will proceed via the Canadian Pacific ai»

Vancouver, thence by steamer to Victoria, where a stop of a aj

made, and finally to Port Renfrew on the straits of Juan de
'"Jf"*^

coasting vessel. The party will return to Minneapolis about ep *

giving a month or more by the sea, and ample time for stops id ^
and Selkirks. The following staff is expected to organize the wor ^
tion and research: Conway MacMillan, of the University ^ ^
director and lecturer on algology (Phaeophyceae); RaymotH s^

University of Ohio, professor of zoology; K. Yendo, of the ImP?^
:

sity of Tokyo, professor of algology (Rhodophyceae); and ""^
Tilden, of the University of Minnesota, professor of algology \

and Cyanophyceae).

m*

hw
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Acid Phosphate
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or weary from worry, insomnia
or overwork of mind or body,
kke half a teaspoon of H
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dially recommend Sozodont. I consider

it the ideal dentifrice for children's use.
"

SOZODONT is sold at the stores, or it will be

sent by mail for the price. Mention this Magazine.

HALL 4 BVCKEL, Kew York,

1

Over the telephone—Is this J * * * * & Co.,

Druggists?—Yes!—One minute!—I sent ray maid

to your store for a bottle of Piatt's Chlorides and

not

Flatt's, although it has a similar label. I know

Piatt's chlorides is a reliable disinfectant and if

you haven't the genuine return my money and take

back the imitation. I don't like your method] of

substitution—for I know what I want to purchase.
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Underwear
INSURES FREEDOM

FROM COLDS
Don't you believe it?

Look about your friends
*

and note those who are con-
stantly troubled with colds,
la grippe, rheumatism, and
allied affections. YouMI find

majority

wearers
them are

woolen under*
arments. You never heard

wearer

Deimel Underwear
being troubled with colds,

_^E

?.£

atism

drafts.
afraid

1 vJ

is

will
<aSG

mfort
^ •'-•:

t\*I*

Pffk

TRAOt

This Trade Markon every garment

OOKIET

sam

cloth sent

addressing

Co

ew
San Francisco C»i
Washington, D C

" Mwtgomery St.

Montreal, Car, . * 7^8 .5th St., N. W.
London, .CE„ *

"^ St Crthwl» St-

' %' ' • lO-ia Bread St
1

ETNl&rcjecT SectfoK throudrv&

I I

*.M

C&MNot bre&R*.

If d&mAj
from *r\y CAuse

^ou ^ef Arvofker

w itkoufV ck&Ttf

4

Made of One

Piece of Metal

Easy to W*
Jfcnd

if af*y»

butfbr*4

without Seam or Joint

.

Ask the Dealer for the -KREHEiTT

The genuine haie the name stamped « m
back. The quality is guaranteed

Our Booklet. THE STORY OF A COU^B IH

TO*, free for the ^^^.ffJS^
Buttons, and illustrates the different fl

KBEMENTZ & CO.,

a4 Cliestnut St., Newark,

MANV ADVANTAGES
Perfect in fit, neve Made2*S*£

goods
h*n coU**

4

exactly rtacmw*- , u s.»dre
reversible and give double serv.ee.

sample cellar or pa.r of cuffs- »•
}^ go£



oMPANY
EEF

*.V

• A*if1

• •

^^^^m
REFUSE
COUNTERFEITS

*&% *

*

E »

LOOK FOR THIS

SIGNATURE IN BLUE

n *

Standard

Excellence

.

f.
Improved

r/.'

f/A

Trues'»ltary Underw^
*^mm-ku WANT$

THE STANDARD
FOR GENTLEMEN

ALWAYS EASY
The Name "BOSTOI GARTER"

is stamped on ever}

loop

—

The
CUSHION
BUTTON

*** TRaTED C ATALOGL^E FREE

.155 A- » ^ Street
£»15, Broadway

ftsk?
e
.
stnut Street** *• w# ftll
Street

flat to the leg— never

Slips, Tears nor Unfastens

Sample pair, Silk 50c., Cotton 25e.

Mailed on receipt of price.

GEO. FROST CO., fakers.

^^mm^ r̂
Boston, Mass., U.S.A.

THE "VELVET GRIP" PWJEIIT HAS
,

BEE II

SUSTAINED BY THE U.S. CiftCUiT COURT



A little disc the size of a silver dime, costing less

than two cents, makes one ounce of Pure

Ink. Economical, Durable, Acid-

Proof. Will not mould or

^IM*I* corrode the Pen.

Highly rtccrrrr, ended by school-

teachers, banks, business

houses, and Govern-

ment offi-

cials. m£
Kritii

j- Cole'
Sample box of 8

and a gold-finished fountain pel

worth, $1.00, sent postpaid on

receipt of 50c. Single box, 8 tablets,
^

ioc. On sale at all leading druggists and sta-
j

tioners. Agents wanted. Write for sample. Address

The Thomas A. Edison Jr. Chemical Co.

3^-33-35 Stone Street, NEW YORK, N. V.

Engraving
Of Wedding Stationery has
something to commend itself
to people of taste and refine-
ment over the common, ordi-
nary kind.

«r Prices

Are as low as work of our
standard can be named.

We send you finely engraved
plate and 100 of latest style
visiting cards for $1.50.

Monogram and initial work
a specialty.

High class correspondence
papers.

$. d. eww$ $ g©.

Established 1837

140-142 Monroe St.

CHICAGO.

Your Stationer]

BEAR IN MIND
the fact that the most convenient place*

purchase the materials for your correspopr

ence is at the University Book Store, ffl

Cobb Hall :
:

An Excellent Line of Whiting's Stud*

Fine Writing Papers

in all the latest styles, kept regularly in *"*

One Quality «*

boxes and by the quire

Whiting's Number
Standard Linen

are especially recommended for your

A large assortment of 0. of C. M**^
Embossed Paper

Pads of all sizes

W2SJW3*

"Uha U»i r,i*r B00K S«-

onnellev gone
tTbe Xafcesioe f>tess

PRINTERS AND BINDERS
PRINTING EXECU-

,TJALS A

HOUSESSPECIALTV «7„ "illWN8 ' COLLEGE CATA
WEST OF „pw V

PRINT MORE FINE BOOKS
TRICITY I<* t«o\°RK - OUR NEW FACTORY RUN ENTIK^. » Ry
THE SkistiS

^

M°ST ADVANCED PRINTING PLANT IN THE COUNj*,
LAKESIDE PRESS BLDG., PLYMOUTH P *"** CHI

THAN ALL 0' ncB " nEC-

.'

PI

**T---



SPENCERIAN
ESS,- STEEL PENS
vm forty years —

u
AFTER
ALL

SPENCER I AW
PEN CO, .

*- SCMiCr

•
-1 i

L-*

%-

t

s.

W

'

.

--*.

.*-,

^M

*ftti Ki lor gour writing^^fcatd of special numbers forS?-
«°P«<J«ce. 12 pens for JQc., postpaid.

•w:,

fej
_* ,^^

.

•M

'-; l.. _?

-"

i^t
*VH

.

SPENCERIAN PEN CO.

' i "V

t* unwuNf-m

Ml Broadway

,

NEW YORK CITY An Old Bookkeeper is Discriminating
Better take his advice and use CARTER'S

Send for booklet *'Inilings"-Free

THE CARTER'S INK CO. - BOSTON, MASS.

A W°nderful Material

,

PANTASOTE
1 **J

*w«

i**S

»rc*J
**«

a
w«t«' v%« Sfl

1 *

p

* • * *

f»

^anate.

L T.J*.*11* costs

9

*

*»

*^*«*'

Clip and Slip

PIB

loose

pocke

*T

I

THE PERFECT
4 * SCRAP BOOK
H> V

1

*»

.A
*-*\

k.

/'

•'

iSOTE CO
***««

» Bwfc
stamped

worthiest

where you'll find them readily *%£>«& &
dispensable to all intelligent people. "" ,

Dollar we will send you a 24 p»g« ^V^wf.
PERFECT SCRAP BOOK in ««*"»t»J g.
linen binding :

Library EAw^^ ^> Scke
morocco, $3.00; College Edition,

™J°°*
'

half-morocco (or in colors of \ ale. Harvard

Princeton, and Cornell), $a.oo. AMM
portfolio, 18 pockets, for 20 cents. All car

Hage prepaid. Circular free on request.

Leading stationers.

Cfte Perfect Scrap Beefc go.

Dept. V, 150 Nassau St.

NEW YORK CITT

We've a wallet sixe, handy

for the pocket; sent post-

paid for 25 cents.

Z
> 29 B

on goods.
imitations

; genu-
\

gfoay, New York

^
-;



f OF THE
OUTIiJNE

GOOD POINTS

MECH
Wk

THE BEST
Send for Catalogue

r t j

CQMP
^-"

Lil

PERMANENT - - 4 * * *

REMOVABLE— "
J

.
j

AUTOMATI
5IMPUCITYA

i

A DOLLAR O

DaulE.Wirt^
All a5

fbUNTAIN Pen
Deal*- or Address. BlOOMSBIM*

i -^ * a.
-- s

of The HY not use a clean Fouuttis

Pen, one that will write ud

write always, without skipping,

TYPEWRITER.
Illustrated Catalogue Ff^ee..

The Smith premier Typewriter Co.
syracuse,nx u.s.a.

blotting, or scratching?

0f*f

and

unconditionally guaranteed

TRAD*

pewrite
*A

%•

The Only POLYGLOT-Using a HUNDRED Type Shuttles fa T*^JJ
Languages. All immediately interchangeable. Now adds to its

tions (Perfect Alignment, Impression, etc.).

I

ach day has its cares Each day has its cares

<*Pbp h opnLw-U tp lirqnt
Each day has its

Bach day has "

cares

its cares

A

Bo ympo neuemeft o eac%

Each day has its cjjw

OWNING GLORY
The Best MANIFOLDER, where QUALITY and QUANTITY are dear*

TAMMOND
TYPE-
WRITER
COMPANY

69th to 70th Street, East River

NEW YORK, N. Y.
-**-* v* I -



•THE NAME IS EVERYTHING*

Estcrbrook
Cwantee f)

absolute

excellence

turned up. Good
Points

for

varieties

writing onjg trough paper

Over i

other styles]

every pm3

stationers

pose
suit
All

av e them,
cept noWsubstitute.

The Esterbrook Steel Pen Co,
'fciCMrftt,

Street.

Mark of
* Good Pencil

pcoca
bean

guarantee
Dixon

quality,

*fcail you
requirements.

fcmples worthyour dealer doesn

C*£QB*£

REMINGTON
Typewriter

is the universal saver*

It is a time saver, a labor saver, a

trouble saver, an expense saver, and a

business builder*

VYCKOFF, SEAMANS & BENEDICT
327 BROADWAY. NEW YORK

NEW MODEL

ENSMORE

It accomplishes very desirable: ends

not attained by any other typewriter.

- *- • - Key, (nr ,T1 -

The Back Spacing for in

ndstance, returns the carriage one space

for each stroke, saving much time

trouble in making corrections.

DENSMORE TYPEWRITER CO.

309 Broadway, New, York



Simple but not Severe

Small but Serviceable

these are the striking points of our new
style

STYLE 2360.

Chapel Org©Li\
Its musical qualities are of a high

order, as are those of all organs of our
mak ioo styles for all uses.

BOSTON. NEW YORK, CHICAGO.

Ride acock-horse to Banbury- Cross

iL^iS UDY WW A WHITE. HORSE.

ShFW?S
H
H5rr

FI

2
GERSiAND ALISON HER TOES

•ME SHALL HAVE MUSIC WHEREVER SHE GOEST

MOTHER IN NURSERY PHYHE
INMNT.THE WHILE KEEPING. TIME

MOTHERS WITHJINEFUL REFRAIN

WANT5.WH05E HEALTH THEY MAINTAIN

SYRlfP

MI!

SOOT^
,

OVER FIFTY YEARS SOLD
yiSjJIOIrfERSINTHfNFWvyftmn ANn 01

BARGAINS IN VIOLINS
An opportunity
to get a fine In-

etrument very
low. (Students
violins (dated
1*700-1830) from
$50 up. Concert
instruments by
the old masters,
in fine preserva-
tion, from $150
tip. Note these
few examples:
Testore 1750,

$150; Grancino,
$200; Pressenda, $200? Gabrielli. M##l IH
$125; Old Strad copy, $100, and many other* fa»
magnificent Stradivarius, Guarnerins and Aatffilf

low. Send for our beautiful catalog of old

(Free). Contains historical sketchesof the #14

of Cremona and Brescia from IMP; illottrattfc _
fac-eimile labels, also a descriptive list otolimm
possessing the pure mellow tone, and epttiif fit»

$25.00 to $5,000.00. A formal Certificate of !!
accompanies each violin. Monthly payment*

A SPECIAL OFFER, ffiA«tf
and allow ten days examination.

kYOM A HEALY, 31 Adams St., CMC**

uo Ym Wiiti

Genuine Barg*

in a Planet

We have hundreds or upngD^ PImoimJw*^-- # m
by persons moving which mutt be ditP°»**« "-^^m
cannot make room for them in our *£*^J*£*S
include Steinwayt, Knabe*.Fischer,|^«SiSl I

known maket. Many of them ^^^S^Sm^
new. yet all are offered*^j^gGfc
mm m-mogany pi«wtvw"« "wriS^i once for Iff*

m
anywhere on eaty payment* Write«^J r|af*,

tmd full particulars You «n m^keaf^
your piano from us. Every_P^ WW^£U §U
•anted. LYONA HEALYyjM ^^Tugm,"^

The Worlds fjiraestMW^L

Two America

Short-Cats

will be a Short t*

?' around
the Hon- ^

The new A** JQ
Bar is a Short^

to type^frfT" •
less

typcwn*'

$60.00 casa,

STEB

is the exclusive
patent ol the

is the exclusive p~— ^JJ»

American *4°1^
You can see at a

glance why this di-

rect acting, steel

rype-bar makes the

American the

strongest and most

durable typewriter

made. ,

Highest speed and

manifoldingcapacitv

guaranteed. Hana-

iW catalogue,
sample of work, and

full details regarding

special 10 days* trial

T
» j ** —

American New yof*
m%



•

{

Dining Cars
I

Service Carte

'^:r:V

Burlington
-^7i

V„ wj a

L*7!* rT^'

OSES are always on

delicate

tables,

ina ass

silver add to the pleasure of a dinner

cooked and daintily served

All the Season's Delicacies
at Very Moderate Prices

Route

OUR 8,000 miles of rail-

road reach out from

Chicago, Peoria and

St. Louis to all the important

cities in the west and north-

west such as

ST. PAUL
MINNEAPOLIS
OMAHA
KANSAS CITY
DENVER

If you are going to any of

these places or to the Pacific

coast, kindly let me send you

time tables and other informa-

tion about our train service.

P. S. Eustis,

Gen*! Pass. Agt., C. B. & Q- R. R.,

CHICAGO, ILL.

FROM
CHICAGO

TO

THE CONNECTING LINK

£ betweenCthe4

!

^Poiis,
Cincinnati,

the
Louisville,

EAST AND

Sotth and Southeast.

Ashevin

D,*ECT LINE TO

BUFFALO
DETROIT
TOLEDO

WEST
CHICAGO
ST. LOUIS
KANSAS CITY

e
>
N

- C., and Florida.

****<*

T»E SCENIC LINE

Spri

TO

fcAKE & OHIO R'YJ

C

Free Reclining Cnair C*1
"8

on all Wabash Trains

4

L iT
*H,6.P.

Write lor Information •boot any trip

you may have in "0*imP|aii2°
t
"11

onr business to assist those who travel

*u

<:ri
at

:
°

^DEPPMss'tG.P.iT.A.

*34 Clark St., CHICAGO

Ag't

97 ADAriS ST.. CHICAGO

C. S. CRANE, Gen. Pass. &
st. Louis, no.

Tk

*VVI

I m

>$' J

'&



BUCKEYE CAMERAS
ARE LOADED IN DAYLIGHT WITH CARTRIDGE FILM

THE AliTON'S ENGINEER.
JW YOT7 WILL SEND THE ADD]

OF A PERSON WHO, WITHIN A
will have use for the chicago
& Alton Railway

$5.00

8.00

Ho, 1 Buckeye, 3^ x 3J£ ; 6 Exposure Film
No. 2 Buckeye, 4x5; 6 or 13 Exposure Film .

No. 3 Folding Buckeye, %% x 4# ; 6 or 12 Exposure Film 15.00
No. 4 Folding Buckeye, 4x5 6 or 12 Exposure Film 20.00
Stereoscopic Folding Buckeye, 3% x i% . 26.00

We recommend NEWAMERICAN FILMfor hand-camera work

CAMERAS of all kinds and a complete line of

PHOTOGRAPHIC SUPPLIES. Catalogue Free

Alton's

COVERED OUTLINED I :«

WE WILL >'AILTOTOT

tH X 3 INCHES, OF TH1

...3INBEH. I*, m AMI-

WILL TELL VS I>* ^B*3

rOU READ ™l* A
]L

WE WILL SEND TO

ABOUT THE «**

CAMERA IN THE WORLD

GEO. J. CHARLTON.
4SSXN8ER AGB3TT, CMICA»

Altoj* Railwat,
ILLINOIS,

YOU A PAMPHLET

Correspondence
Instruction
credit is given so that the time of required reside
materially shortened.

Gbe Tantoermts of W*»
offers advantages for M'™**^
dents through its

Corresponden^bwoj

Department which cannot be MJJJJ
Degrees are not granted *P°n ™* d

£
wholly by correspondence bat wn

courses are completed at M u B
«

^

The work offered
Sociology, the Languages, Literature
giving detailed information mav be had bv

TheByh^randDoctor-sde^
Theology, Philosophy,H«

CORRESPONDENCE-STUDY DEPARTMENT,
The University of Chicago, Cnicag*

tfHfllHHI |Mte^

^p

Something
in Photo ^raphr

THE POCKET

STEREOSCOPIC
LOGRA^

Compact Convef^^.
Produces the W»

[T

WHAT CAN BE D***^.
It makes sterol* P***"^

It make* two.»«£ «»,
4

- £r-^
of different«««*. <rf

*»<^
It make,. «i*J*» *

ie .

graphs 4» * °» ^^

THE SC0VILL 4 JJ^rW
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lu. Field of SihKliU Binocular.

Bausch 4 Lomb=Zeiss

Binoculars
. w «„„ "avics ui me great

^op-to-date tourists, sportsmen, yachts-
Mten. because th^v r»r*» ^k a «~~„* c._^

Bausch 4Lomb
Plastigmat f-

optically and mechanically, have
immense field of view, power,
and give, as no other glass does,
a STEREOSCOPIC image.

^chUomb Prism Binoculars

"*"ptive booklet mailed on request.
SOLD BY ALL DEALERS.

MS & Lomb Optical Co.^ IQCHESTER, N. Y. Chicago

The Perfect Photo Lens, as the above picture made

with it shows, is fast enough for the fastest work,

and in addition, has the proper length of focus for

the best pictorial results, the highest optical cor-

rections and either combination may be used separ-

:ely for long distance or portrait photography.

Booklet with five difficult pictures mailed free.

Buy your camera with it. Buy it for your camera.

Bausch 4 Lomb Optical Co.

New York ROCHESTER, N. Y. Chicago

or

"* ^

U

w What
Want

^omething that would convert your

a:l ,

dln2 pocket Kodak into a plat
thout the least interfering with th

carri* ,

J hls ldea has been scarr'«l out in the new

* Plate Attachm
Practical,

ht or buit fn

a

!u
to add vefy little

°Wk to the outfit. <w

Have
ars

£

-.

JU
r**

_

'

H

m
4*r

\F?\

.
:

,

BSStfWB"

^°om 6,

oerz Optical WorR
52 C Unito ?. Squ t N YorK



COPYRIGHT 1900 BY THE PROCTER <ft GAMBUE CO. CINCINNATI

WITHIN REACH.

ECAUSE of its low price Ivory Soap is

within the reach of alL Besides its low

it has the advantage that it *cost

entirely satisfactory for so many varied uses
;

it

will do the work of a half dozen kinds of soap

each intended for a special purpose

IVORY SOAP IS QQ^i^o PER CENT. PU^



In AH Forms
of Bright's

sease, Albuminuria of Pregnancy, Uric Acid
Diathesis, Gout, Rheumatism, Lithaemia, Renal
Calculi, and Stone of the Bladder

Pi

I
Etc

I
Etc

I r%

George Ben Johnston, Richmond, Va., ex-President Mi d &
fmor of Gyr, dogg and Abdominal Surgery, Medical (

ASKED WHAT MINERAL WATER HAS THE WIDEST RA

'i

WOULD UNHESITATINGLY ANSWER

teadkiaj

in many obscure and stubborn conditions which, at best. 5 Id sic
ACID DIATHESIS, GOUT, RHEUMATISM, LITHAEMIA, and

»

>MM' .

rts are prompt and lasting
any case of Pyelitis and Cystitis will be alleviated by it ana mar cured
had evidence of the undoubted DISINTEGRATING, SOLVENT

II ater IN RENAL CALCULUS, and have known its long contim»% break up the gravel-forming

n>

p©T*

I

4-i tic

ni of gi « value in the treatment of the Albuminuria of Pregnancy, a

Scarlatina and Typhoid Fever. In all forms of BRIGHTSDISE

A

advanced
, its good effects are pronounced. I believe it has been

prolonging many lives in this trouble."
w» V, Shoemaker, M. D., LL. D., Professor ofMateria Medwaand

uxv £*r
; College of Philadelphia, etc., in the New Yorl

» ^lilWFUP 1-ITHIAKftffER «»
WLY EFF

_««. It dissolves Uric Add and Phosphatic sediments, as wd

:he«-

* *#m

ikm,

r*' -».

*-

:tt«i |

es the swift \ V

exerts a moderately tira
:

insoluble materials ton

^

hi * ^

3

iC *-- W rs* $ i*

f

w »% * *

.—

-^

« is

stive

t&er with consecutive pyelitis and cyst
ough the speedy removal of Uric

benefit, yet to PREVENT the

and 81a ier. The in "J

&,

*- " >

.atlon is a sen ner»*-
V*

>' «*

*^££. *** Botfmo LITHIAWATER »*
t

.

* nicti are responsible for thes production of deleterious materia
#*

<c *J

nK
^JJ»

**-D., A.M., LL.D., Formerly
JJepan t of the Univers y of Virgin

i
i* *r. ... -

t * u

*
erap

.

m ail nl
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LrraiA¥6an ** «*
should be reco
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Chemistry, 1 o
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1852 1902

The history of the Weber Piano

the value of persistence to

As a musician Albert Vet*

early in his career that If*

piano had hitherto been almost

tion of mechani

dom

Xo imj

to it the sympathetic qt lity'fotta*

became the central motive of fa

more than jtistified his concep

Pianoforte today stands i

the musicians* idea of ton-

bJ

ft

F df #

WEBERWARERC

266 M

AVE..

:
>Vi-

MM
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Botanical <3a3ette
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I t*ME XXXIII NUMBER 4

Botanical Gazette
APRIL, iqo2

DESCRIBED PLANTS FROM GUATEMALA AND
OTHER CENTRAL AMERICAN REPUBLICS. XXIII. 1

John Don nell Smith.

(WITH PLATES X AND XI

)

Ouratea Tuerckheimii Donn. Sm. (§ Oocarpae Engl.)
°lia perelongate oblanceolato-oblonga in quarta parte superiore

ttutissime acuminata ad basin angustam obtusa praeter quartam
partem

nsversis nervos conjungentibus subtus manfestis. Racemi
F^'culati folia fere aequantes, pedicellis 1-4-nis alabastra

oagoovoideaplus minus superantibus. .
Sepala rigida lineari-

>cga petalis spatulato-obovatis paulo breviora. Gynopho-
4Tn ovano vix longius, fructiferum obovoideum drupa globosa
f^UlO minnc

* apke
°
mnin° &labrata . ramis et paniculae axibus angulatis. Folia

: -fcmi.
**** *w»onna 3-4-subverticillata coriacea generis adhuc ex

'*«aIihIIl

S 36~4SCm lonSa suPra medium 8-1 i
cm basi 5-iomm lata, nervis

US Crebr,s a-rcuatim ascendentibus marginem attingentibus, petiolis

5-i 2mm longis. Paniculae pyramidalis rami ascendentes,

ttenuato-lanceolatis 5-7""° longis, pedicellis 10-13"""

*^» caaaliculatis

J***
scariosis

^ - s klabtttria 8
*"***» Convalla,

cm diametralibus (e schedula Tuerck-

obtusa P
" purPurascentia marginibus scariosa iomm longa, 3

mra

«Phorutn ^ ll~1**" lonSa
6mm

lata. Antherae sessiles g
mm longae.

°-Sk<tntoth
anthesi

'
mm!ongum pentagonum. Drupa o^-diametralis.—

*rw 0pyllam Engl, foliorum forma mas-nitudine venis, ad O.podo-m Donn S •
tohorum forma magi

'<W '
'

m
* mflorescentia floribusque accedit

24Q
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An sylvis ad Cubilquitz, Depart. Alta Verapaz, Guatemala, alt.

Donnell Smith.

Depart. Alta Verapaz, Guatemala, alt. j,o"

H. von Tuerckheim, n. 7820 PI. Guat. &c. quas edtdtt

Explanation of Plate X.—Fig. i, flowering branch. ertio.

section of flower.—Fig. 3, sepal.—Fig. 4, petal.—Fig. 5, anterior and lateral

views of stamen.— Fig. 6, pistil.

—

Fig. 7, cross section of ovary.-FiG.
k

fruiting branch.—Fig. 9, vertical section of drupe.—Fig. 10, under surface

of part of leaf.

Guarea Tuerckheimi C. DC.— Foliis modice petiolatis $-4

jugis, foliolis oppositis petiolulatis lanceolato-oblongis basi

aequilatera acutis apice longiuscule acuminatis acumine obti

usculo supra glabris subtus ad nervos parce et adpresse pilosuh-

paniculis fere e basi 2-partitis ramis inferne breviter ramulos

superne racemiformibus adpresse pilosulis, floribus modice pedt-

cellatis, calyce obtuse 4-dentato petalisque 4 oblongis et apice

acutis extus parce et

margine leviter crenulato, ovario styloque glabris.

Ramuli juniores adpresse pilosuli dein glabri et pallide

lenticellis concoloribus. Folia usque ad 20cm longa. Folia in sicco

_ _ * •* tmhm fl

glabra

fuscesccntel

__ nerra

subteres.

nibesceoW

longiti

membranacea usque ad 1

5

cm longa et ad S
"1 lata pelluci

secundariis utrinque 8-10 subarcuato subadscendentibus.

junior adpresse puberula. Petioluli fere 5
mm

,
petioli 4

c,n
.
pedicelli fere 2

longi. Paniculae florentes fere i6cm longae.

6mm longa 1.5""" lata. Antherae 8 tubi denticul ,,

dinis affixae oblongae glabrae vix i
mm longae. Ovarium conoideum g)

phorum superans 4-loculare loculis i-ovulatis. Stigma orbicular*.—=>P*«*

Purpureas C. DC. in DC. Monogr. Phan. 1 : 564 (ubi adde: Peruv.a.

herb. Boiss.) affinis.

•^Cubilquitz, Depart. Alta Verapaz, Guat., alt. 350°, Aug. 1001, w*

ham, n. 7835 PI. Guat. &c, qu. ed. Donn. Sm.

Ttu

Matayb Arbor ramis teretiusc«»». Pj£

iper
minutis flavidis pulverulento-tomentellis, lenticellosis

abrupte pinnata ; foliola 4-6, alternantia vel subopposita.^^

ora majora obovata, reliqua lanceolato-elliptica,
omnia in^

rima, petiolulata, membranaceo-chartacea, sicca supra >^
Wridia, subtus subfusca, pilis minutissimis obverse clf^|isque

bus aliisque setulosis plus minus dibrachiatis sparsis glan

microscopicis praesertim subtus obsita, ceterum glabra ' fM&



u

**} UXDESCRIBED PLANTS FROM CENTRAL AMERICA 2 5

1

pcllucide punctata, hypodermate instructa; paniculae in apice

axillares, elongatae, pulverulento-tomentellae
;
petalaramorum

-epalis majora, bisquamata; di«
t t p

obatus, lobo uno alterove abortu minore, styli reliquiis in

>tigma breviter divaricato-3-lobum terminatis apiculatus, in stipi-

tem mediocrem loculis breviorem contractus, praeter basin pilis

minutis adpressis laxe adspersam glabratus, endocarpio circa
setnmis insertionem tantum pilosa ; semen arillo fere usque ad
apicem obtectum.

Aibor ligno duro. Rami paniculas gerentes 4
mm crassi, cortice pallide sub-

wolenticelloso. Folia circa 25™ longa ; foliola superiora 16-20™ longa,
_ktt, mfenora fere dimidio minora. Paniculae 20-2 $

cm longae(ramis apice
^_mfasciatis); bracteae bracteolaeque minimae ; cymulaesubsessiles.sub-

P'Cl TeS:
-

Ped ' Celli V 'X 2mm
1<>ngi

'
'nfra medium articulati, fructigeri

fctolTobi

Cal>CiS pr°funde partiti lobi I -5
mm longi, acuti, extus tomentelli.

*li»ta hT^*'

2mm longa
'
breviter unguiculata squamaeque spathulato-

*±Stuti
mte

m

r

m
Um COnnatae Petala 'Psa paullulum superantes villosius-

froctus
"

ma
^

m longa
'

filiformia
. inferne villosa, antherae subglabrae.

**» J'
X semimaturus stipite 3°"" incluso i

cm longus et latus.— Maxime

!<?9) folio! ^
Hbundae Radlk

- (in Sitzungsber. K. Bayer. Acad. 9:626.

'waabosm
ypodermate instructis et pilis minutissimis obverse clavelli-

** differt

,

p
U

r

SetUl0SiS ^% ™™1% dibrachiatis praesertim subtus obsitis,

*iooiri«\ „,
° maJonbus obovato- vel lanceolato-ellipticis (nee exactius^y) « cymulis suh«P«n;K„o , -. .. ..\

Maatenango

^t. Alta Ven
«,, On *A t% 900, von Tuerckheim

Cubilquitz

F°Haetsu
'

MYRTIF0LIA Sm - var
- Guatemalensis Donn. Sm.

***** sicut f !

10m Ct infer *ora plerumque simplicia, rarius 3-folio-

r^wloco
0l°Ium terminale usque ad I9cm longa 6.5

cm lata,

M^vu lat

mrnUmIate(5mm
) alato

- Stamina majora 8. Ovarium

*"c
Iquitz De

^^^n',0Z^-
Alta Verapaz, Guat., alt. 350™, xMaj. 1901, von

Garaaia
'

7 39 PL Guat
- &c, qu. ed. Donn. Sm.

3ogr,^h
*egistantha D°nn- Sm. (§ F. II. 2. Cogn. in DC.

c
>qiw. „i .

' 3:68o.)— Caulis crassissimus cum pedunculis
i ue Rlaber Fi

S^ciltbus
jjlak

•

' lores masculini maximi racemosi, pedicellis

Calycis tubus e basi dilatata longissime cyiin-
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dricus segmentis attenuato-linearibus 4-plo vel ultra longior.

Petala lineari-triangularia subulato-apiculata segmentis calycin

altero tanto fere longiora. Antherae anguste lineares tubi dua

partes vel ultra aequantes, appendice lineari-triangulari antherae

dimidium subaequante.

Caulis ligneus suberosus digitum crassus e nodis radices aerias fibrilio-

sas longissimas emittens. Cirrhi striati 3~4dm longi. Pedunculi singuii n

bini 7-1

3

cm longi, racemis 2.5-4cm longis, pedicellis 1.4-5*" longis
- &&

miniatus omnino glaberrimus, tubo 3.5
cm longo basi 6rarn

,
supra basin 4""

lato, segmentis 8mm longis i.5mm latis enerviis. Petala utrinque papiliosa

I5mm longa 3
mm lata enervia. Antherae breviter replicatae tubi basin attm-

gentes 2omm longae, connectivo angusto cum loculis glabro, appendice ut

que papiliosa. Florum nondum evolutorum tubus 2.5™ longus, segment*

atque conniventia petala 8ram longa, antherae i8mm longae, appendix 8""

longa. Folia, flores feminini, fructus deficiunt.—Haec species, quamvis <p*

poteram adipisci exempla foliis careant, tamen optime distincta, descnpti

merere videtur.

— *» ^rrt

v
In silvis Suerrensibus, Llanuras de S. Clara, Cost., alt. 300

m
,
Apr- 18*

Bonn. Sm., n. 6649 PI. Guat. &c, qu. ed. Donn. Sm.— Eandem plants"

foliis delapsis legit Tonduz in collibus prope Sikiirbete, Talamanca, Cos,

Febr. 1895, n. 9385 herb. nat. Cost.

Gonzalea bracteosa Donn. Sm.— Undique plus minus pil< »•

Folia oblanceolato- vel obovato-oblonga arcuatim acuminata

basin acutam sensim angustata, stipulis lineari-tnangu ar ^
vaginam petiolo longiorem connatis. Thyrsorum et axi an

et terminalium folia vix aequantium cymae dissuac

brevissimae et cymulae bracteis bracteolisque pluribus °^
longissimis involucratae, floribus sessilibus 5-mens.

biloculare. Bacca globosa calycem aequans.

Frutex 3
m

altus, caulibus thyrsisque dense appresseque pi oa^
^^

foliis nascentibus canescentibus. Folia supra praeter n e™°* "^ &n*

ellis d

centiaia subtus sparsim pilosa et pall idiora 15-21 cm longa 4-/ ^^ f

.,,

lateralibus utrinque 7-8, petiolis 5-9""" longis, stipulis PeKIS^
n

]oDgo ad<ii«>

longis, vagina 7-1

o

mm longa. Thyrsi virgati pedunculo Jr7 ^ .

8-i8cm longi, bracteis bracteolisque lineari-lanceolatis "Z™^ m&*
longis dense longeque pilosis, cymulis subsessilibus, floribus ^.^ tnar

satis evolutis circa 4
mm longis. Calyx sericeus semiglobostis,^ ^

gularibus intus glabris. Corolla infundibularis praeter setu a= ^gularibus intus glabris.

lobis intus et faucibus villosis. Ovarium disco superatuffl.
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Bacca sucosa nigra 4
mm diametralis, pyrenis i

1 speciminibus suppetentibus abortu vacuis).

*-ln silvis profundis udisque ad Suerre, L
300*, Apr. i8q6, Donn. Sm.. n. 6;8^ PI. Guat

Psychotria polyphlebia Donn. Sm. (Sect. Eupsychotria,
Bracteosae Muell. Arg. in Mart. Fl. Bras. VI. V. 313).—
uffrutex humilis simplex ferrugineo-pilosus. Folia oblongo-

obovata superne rotundata minutissime cuspidata in petiolum
longum attenuata supra glabra et lineolis punctulata subtus
pilosa. nervis lateralibus creberrimis supra prominentibus subtus
nmersis, venis obsoletis. Pedunculi axillares, capitulis obscure

rameis multifloris, bracteis exterioribus ad basin ramorum sitis

herbaceis oblongo-ovatis, interioribus subaequilongis oblongis.
Calyx ovario stipitato superatus. Corollae tubus lobis 5-plo
°ngior. Drupae cocci orbiculares valde compressi.

auisebasi radicante ascendens i2-24cm altus superne pilosus, inter-

^
sbrevibus. Folia n-i6cn

», longa 5-7.5-'" lata, nervis lateralibus utrin-

^
U525-34 circa 3~5

mm
inter se distantibus patulis subrectis parallels sub

Sttbu^r h°

n^ngentibUS
'

petiolis dense Pilosis 2~6cm lonSis
'

stipulis parvis

sphaeT -

dlS

j
eCidui5, Pedunculi pilosi 2-3cm longi. Capitula subhemi-

l>tacteor

a7~I2mm alU baSi I5~2 5
mm lata

-
bracteis haud coloratis discretis

crantes ^T
llne°Iatis sPars'm piliferis, rloribus S-meris bracteolas involu-

P'lifera ^
aequantlbus

- Calyx denticulatus. Corolla alba extus sparsim

oWonra'
" ° tenuiter ^bndrico in fauces nudas ampliato. Antherae lineari-

^cisos

6 ertae
' DruPae circa 10-aggregataeglobosaecarnosae coccineae,

»:i

*<*cava laevibus.^ Silvio ..!• •

Llanuras de S. Clara, Cost., alt. 300"",

. &c. cm. ed. Donn. Sm.— In declivibus

Apr iSnA n ° ^uerrensibus,

£££r^ n
-
68» » g-

^577feerh n ^ *' Talamanca, Cost., alt. 5oom , Apr. 1895, Tend**, n.
u

* n^t. Cost.

Cestr

inDCProd
P°aSanUm Donn

- Sm - (
Sect -

Eucestrum, § I. Dun.

optimerot

r"'*~~GIabrum
- F°Ha Iongiuscule petiolata e basi

nervis c„k/
ln a sensim acutissimeque lanceolata subtus pallida,

^^ndentih
lsfuscentibus

> lateralibus arcuatim longeque

Culati pauc'

S
' areolls subtus conspicuis majusculis. Flores pani-

hadius
. dent^^^'' pedicellis vix ulIis bracteolatis. Calyx

n ,culis subulato-apiculatis. Corollae violaceae tubus
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subcylindricus et calyce et lobis propriis 5~plo longior. Ftla-

menta breviter adnata ibidem et loco e^ressus minutissimc

appendiculato pubescentia.

Frutex 3-4m altus articulatione foliorum nodosus, ramulis subflexuosa.

Folia subcoriacea subtus granuloso-punctulata 8-i2cm longa 2.;-\m lata,

nervis lateralibus fortioribus utrinsecus 6-8, petiolis 12—I5
mm longis. Par

culae axillares et terminales folia vix aequantes, floribus ad apicem verw

axium secundariorum 3-4-fasciculatis, bracteolis brevissime filiformibes.

Calyx tubuloso-campanulatus 4
ram altus 2mm latus, dentibus trianguianbus.

Corollae succulentae tubus tenuis nervosus e basi sursurn paulatim ampliati

super ovarium haud constrictus 2i mm longus ad fauces 3.5
m" latt

patentes utrinque violacei ovati acuti 4
mm longi. Genitalia tubo aequilonga.

Filamenta e tertia parte superiore tubi libera et glabra, appendice oblaup

o.5 mra longa. Discus cupuliformis. Stigma concavo-discoideum. Drop*

fusca globoso-ovalis 7
mm longa, seminibus 2-10, nonnullis saepius abortms.-

C. nocturno L. affine.

* In fruticetis apertis declivium montis vulcanici Pods, Prov. Alajtie

Cost., alt. 25oom , Mart. 1896, Donn. Sm., n. 6674 PI- Guat. &c.,qu.ed. Dm-

Sm.—Eadem planta sub n. 109 Endres in herb. Kew. exstat.

Columnea calcarata Donn. Sm. (§ Ortholoma Benth.).

Glabra. Folia carnosa nitida parum disparia obovata apice

ip3a acuminata in petiolum attenuata. Pedunculi solitarn

3-4-plo breviores. Calycis obliqui segmenta inaequalia _lanceo-

lata dorso valde carinato in pedunculum decurrentia. or

declinatae tubus calyce 5-plo longior in calcar product*
;

suf^

tertiam partem cylindricam paulatim ampliatus, limbo subo «]

lobis subaequalibus.
folium

altera*

Frutex epiphyticus repens ramosus. Cujusque pans
aa&pt

4-6cm longum, 2-2.5™ latum, alterum triente minus, nervis later* •

»
longi.

4-5 et venarum reticulis obscuris. Pedunculi 5-carmati 9-^ ^ coroll*

6mm altus, segmentis utrinque pubescentibus, majoribus 3
mm on

^ . ^
ventricow

coccineae tubus calcare 5
mm longo addito 33

mm longus vix
hesC&

circa 7
mm longi. Stamina ad i

cm supra tubi basin affixa et ibi

Jj.^f
i8-22mm longa basi in vaginam adnatum connatis, anthens f^j^^
latis, loculis late discretis ovalibus i.5

mm ^ngis. Discl

.j^ j-long"*

integra ovalis 2mm longa. Ovarium pubescens oblongo-ovoi is

j

stylp 27mm longo, stigmate stomatomorpho. Fructus d
<f

dera ^ f)0t*

Cubilquitz, Depart. Alta Verapaz, Guat., alt. 3 50
m,Febr. I9°°-

heim, n. 7645 PI. Guat. &c, qu. ed. Donn. Sm
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Bravaisia grandiflora Donn. Sm.— Praeter inflorescentiam

glabrescens. Folia elliptica utrinque acuminata caudato-pro-
ducta,venis obsoletis. Panicula folia aequans, bracteolis orbicu-
laris mucronatis. Calyx bracteolis 3-plo longior, segmentis
oblongis mucronatis. Corolla violacea maxima calyce 5-plo
bngior ad tertiam partem lobata, tubo cylindrica supra calycem
«a iimbum infundibularem ampliato, lobis oblongo-obovatis
extus pilosis. Antherae triangulari-sagittatae. Ovarium 4-ovu-
latum.

Frutex, ramulis subtetragonis lenticellatis. Folia subcoriacea subtus
Jkutssime lineata ad apicem versus ramulorum 1 i-i2cm longa 4-4.5™ lata

cau am
1 i-i6mm longam acuminata in petiolos 9-1

3

mm longos basi connatos
rrentia. Thyrsi in paniculam trichotoman subcorvmbosam I4cm altam

^eo-bracteatam dispositi, axibus gracilibus, floribus aggregatis sessilibus,
wa

1
bracteis e basi sessili ovata longissime lineari-productis fulto. Calycis

*gmenta

omacea s

**&, tub<

*«» aestiv

flavo-pubescentia ciliata. Corolla 4.5
cm

mm

Stamina basi barbata et dilatata

_^ enui piloso affixa, antheris 4
ram longis, loculis inferne mucronatis

'^atis
Ovarium oblongo-ovoideum. Stylus 27

mm longus,

"Tnsil
* a

°t0, ^apsula mihi non visa.

** Tu,Z\
Sachichd

'
DePar*- Alta Verapaz, Guat., alt. iooom , Apr. 1901,

w.r
n * 7924 pl Guat * &c- ^ ed

-
D°nn - sm -

aiato ,

eXylUm Pterocladum Donn. Sm.— Glabrum. Rami

¥ce ae

angUlareS
' Folia membranacea^ oblongo-elliptica

r«icuIau

UtlU

D
CUla mucrunculata in petiolum attenuata laxe— r—v ~ fc „

acemi ex axibus superioribus orti et in paniculam
&n<2tfi ^~ j* ..11 . -

1
Caly

JaciQa nervosa *u 7 Lrunc*™s costis ap
:« -

°Sa
'

tut> Calycem bis snnpnntP
paulor-«^ lungiore.

Arbor silv^ct
*

* 2** larU ^ '

ramis fistulosis digitum minimum crassis, angulorum aliscirca

S* 3 ^',l
mUl,S UUimis compressis. o-i q

cm

subobliq

30-40'

sabulatn t r;

2°™ IonSis
'

floribus sparsis, pedicellis 2 ro- longis, brac-
^o-tnangnlaribus. ra]vv ,„k.L„„ „_„_.., ll *k—-„«campanulatus
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ceterum glaber. Corollae praeter margines ciliolatos et fauces cano-villosas

glabrae tubus 6mm longus, lobi non satis aequales circa 4
mm

longi basi 2"*

superne yLm lati reticulato-nervosi, 2 exteriores lineis 3 violaceis notatiiex

oculatissimi repertoris schedula). Stamina 4 paulo infra fauces inserta su

inclusa.—Ab C. qttadrangulari Jacq. ramorum alis, foliorum retibus, corollae

colore atque nervis insigniter differt.

Cubilquitz, Depart. Alta Verapaz, Guat., alt. 3 50™ Febr. et Mart. 1901,

von Tuerckheim, n. .7Q22 PI. Guat. &c, qu. ed. Donn. Sm.

Aristolochia arborea Linden ex Hook. Bot. Mag. /. 5*pj

Gymnolobus; Unilabiatae .)—Fruticosa ramosa, ramis erectis

velutino-setosis
; petiolis i

cm longis, foliis adultis crassiuscul

superne glabrescentibus subtus, praecipue secus nervos, moliiter

setosis, 34
cm longis iocm latis oblique oblongo-lanceoiatis longe

acuminatis basi rotundatis i-nerviis, nervis secondariis remote

culis arcuatis ; foliis junioribus subtus dense ferrugineo-tomen-

tosis
; pedunculis aggregatis e trunco suberoso supra

emergentibus singulis 3~4cm longis gracilibus ;
perianthio 8-9

longo basi tubulato, tubo superne oblique dilatato in iimbuni

latum cordatum acuminatum venoso-bullatum expanso; rauce

aperta processu marculiformi crassiusculo stipitato capita 0,

capite carnuloso, praedita ; columna oblonga, anthens mean

bus.

—

A. maximam Jacq. quoad habitum refert, folns, pen»

thioque valde differt
;

processu capitato carnuloso e

emergente valde insignis.

terrara

limb

De hac specie ita in litt. scribit oculatissimus repertor:
" Kle,neT

an
baum ; Blumen stets am Grunde des Stammes vorbrechend, braun,

unteren Spitze weiss."

Cubilquitz, Depart. Alta Verapaz, Guat., alt. 35om , JuL *9° 1 >
WH Tm i'

heim, n. 7936 PL Guat. &c, qu. ed. Donn. Sm. ^

^

Aristolochia pilosa H. B. et K., var. ligulifera !
r*

s limbo

typo, ex confesso, valde variabili differt haecce vane -

penanthii ligulis nigrescentibus carnosuhs superne dense

Tutrd

Cubilquitz, Depart. Alta Verapaz, Guat., alt. 35°
m

-

Mart
'

iq° 1 '

heim, n. 7768 PI. Guat. &c, qu. ed. Donn. Sm.
Cario

Gua«

Haecce varietati forsan attribuenda : n. 2668 Bernoulli! et

^ ^^
mala; n. 203 Endres, Costa Rica; n. 1271 Kalbreyer, Ocana

,

ner. Panama, in herb. Monac.
y^

Aristolochia securidata Mast. (§ Gymnolobus:
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Setulosa demum glabrescens, petiolis 3-4cm longis, foliis sub-

coriaceis glabris I2cm longis 7
cm

latis cordato-oblongis abrupte
acuminatis basi bilobis, lobis rotundatis sinu lato separatis, pal-

matim 5-nerviis, nervo medio crassiore, nervis lateralibus con-
ergentibus arcuatis

; perianth io 4
cm longo, tubo basi erecto ven-

tricoso i
cm longo, medio infundibuliformi aequilongo in limbum

3-4°" longum hastato-triangularem nervosum producto ; columna
oblonga, antheris linearibus ; stylis 6 oblongis ad margines
recurvatis.— Forma perianthii omnino distincta.

' Rosario, Llanuras de Santa Clara, Cost., alt. 3oo
m

, Jul. 1899, H. Pittier, n.

7*04 PI. Guat. &c, qu. ed. Donn. Sm.

Piper calophyllum C. DC—Foliis modice petiolatis ample
ovatis basi aequilatera cordatis apice acuminatis supra ad nervos
et subtus ubique hirsutis, nervo centrali paulo ultra % longi-

.
- — -- —-.— j^cva^w .»»«.». /A -^—fi-

n's suae nervos arcuatim adscendentes utrinque 9 mittente

HmT"
1 lnfimi UtrinqUe 3 ma&is aPProximati. petiolo usque ad

urn vaginante pedunculoque quam petiolus breviore hirsutis,

UnA
fl°rente

°
ylindrica crassa aPice mucronata quam folii

us pluries breviore, bracteae vertice triangulari-truncato
«*o, pedicello lato subcucullato utrinque villoso.

^ amu
, hirsuti, amentiferi n"* crassi nodis hand tumidis, collenchymate

culis intr *a

" Sparsius libriform i in fasciculos discretos disposito, fasci-

et pelludd"
it>US permultis

'
"ser'atis. Limbi in sicco subcoriacei opaci

pcdancuJi rJi
UnCtUlati CirC 'ter 29Cm long

'
et l9Cm lati

*
Peti0li fere 4,5Cm

*

3**
longo s

°n
^

1
' Spica florens 6.s

cm longa et 6mm crassa, mucrone fere

ftaaientotn 1

a
f
Una 4 ovar» basi ima adnata, antheris reniformibus quam

****
J sessil'

°1
rev,0nbus

- Ovarium glabrum apice subattenuatum. Stig-

oeciP* c

'a
-

lneana brevia et recurva. Bacca verisimiliter subtetragona
J»es sectionis <?/,«,«„•,. r ^Steffensia

"^tubil •

^eJ/ensia c. DC.

8
?95q PI r

' T
1"" Alta VeraPaz » Guat., alt. 35om, 1901, vcn Tuerckheim,

• v^uat. Sec., qu. ed . Donn. Sm.

Fol §
kte ovalia

nn

r?

Ue Sparsim aPPresse pilosa rotundo-obovata aut

medium re

a rUpte
.

brevissime(
l
ue acuminata basi actua supra

Vers«s pedu"

10
^- mmutec

lue denticulata. Cymae ad apicem

th
.
Vrsoideae

nCUh ^^ fasciculatae simplices aut rarius breviter
e cum

perianthiis luteis pilosae. Perianthii $ lobi
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ovati obtusi, interiores receptaculum vix superantes exterioribi

paulo breviores appendice subquadrata dentata instructi, stamin:

bus circa 22-28. Perianthium $ ovoideum, lobis triangularis

aequalibus, carpellis numerosissimis hemisphaericis. Drupac

globoso-ovales.

Frutex io-i2m (e schedula Pitterian arbuscula, corona depressa), ramulii

novellis pilosis. Folia juniora pellucido-punctulata 6.5-iocm longa 5.5-tf*

lata, aetate provectiore coriacea praeter nervos glabrescentia usque ad \(f*

longa et iocm lata, nervis fortioribus lateralibus utrinque 5-6, petiolis pilosis

i-i.5 cm longis. Cymae axillares et terminales petiolis paulo vel bis longiore

bracteolatae, pedunculo 2-8mm longo, axe primario nonnunquam evoluto,

axibus secundariis 5-iomm longis, tertiariis trinis quam flores brevioribas.

Perianthium s obpyramidale 6ram altum, lobis erecto-patentibus 3-3.5°* Ion#*

receptaculo intus glabro, antheris ovoideis breviter stipitatis, loculis conflucn-

tibus. Perianthium $ 9
m,n altum, lobis i.5 ram longis, receptaculo breviter

cupuliformi 7
mm-diametrali sericeo alveolato, carpellis sericeis circa |8~54.

stylo brevi. Drupae subessiles in specimenibus suppetentibus abortione

solitariae i
cm longae deraso indumento glabrescentes.—Juxta methodum ®

Monographia clari Perkins expositam prope M. Boliviensem A. DC. collocan

debet.

La Emilia, Llanuras de Santa Clara, Cost., alt. 250™ Apr. 1896, Dm.

Sm.
f n. 6760 PL Guat. &c, qu. ed. Donn. Sm.—Tuis probe Turrialba, Prov.

Cartago, C. R., alt. 62om , Maj. 1897, Pittier, n. 11.250 herb. nat. Cost—In

pascuis ad Aragon, Prov. Cartago, C. R., alt. 63o
m

, Jan. 1899. &***
13.226 herb, nat Cost.—In silvis ad Las Vueltas, Tucurrique, C. R.,a!t

-
65

Maj. 1899, Tonduz, n. 13.365 herb. nat. Cost.
V

Ocotea Palmana Mez et Donn. Sm.—Foliis rigidiuscule cona-

ceis, adultis supra praeter nervos primarios plus minus tomente
-

los glabratis, subtus adpresse tenuiterque tomentellis,
latisstnae

obovato-ellipticis, basi late acutis, apice acumine parvo latoq«*

imposito rotundatis, penninervibus, subtus valde pronunu

retatis; inflorescentia dense rrugineo-tomenrosd ™»

breviore
; floribus hermaphroditis, dense tomentellis, pe

tubo o; filamentis subnullis ; staminodiis deficientibus
;

ova

glabro stylum papillosum crassum subaequante.

Ramuli dense adpresse ferrugineo-tomentelli. Folia petiolis y ^
costis

for*

quenonnullis immersis laevia, margine plana. Inflorescentia s r.^
squarrose breviter panniculata; pedicellis plus minus 3

»m longis
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partim diu persistentibus lingulato-lanceolatis pedicellos superantibus. Flores

kcrmaphroditi, 5-6mm longi ; limbi segmentis ovato-ellipticis, subacutis. Fila-

mntastt. I, II omnia subnulla, ser. Ill antheris bene breviora tomentosa

glandulis binis magnis pallidis inter stamina ser. exteriorum collocatis prae-

dita. Antherae suborbiculares, apice rotundatae, loculis 2 introsim 2 valde

lateral Fructus ignotus.

In sylvis prope La Palma, Cost., alt. 1500™ Nov. 1898, Tonduz, n. 7374
PLGuat. fcc qu. ed. Donn. Sm. (n. 12652 herb. nat. Cost.).

Obs. Absque dubio Ocoteae Salvini Mez Guatemalensi peraffinis.

Ocotea Quisara Mez et Donn. Sm.— Ramulis apicem versus

bene angulatis
; foliis chartaceis, glaberrimis, optime ellipticis,

oasi breviter nunc brevissime acutis apice eleganter acuminatis,

penninervibus, subtus tenuiter denseque prominulo-reticulatis

;

mflorescentia submultiflora, pyramidatim paniculata, minute
cinereo-tomentella, foliis multo breviore ; floribus hermaphro-
dite, adpresse tomentellis

; perianthii tubo o ; antheris sessili-

°»* anguste ellipticis, apice rotundatis, papillosis ; staminodiis
**ne evolutis stipiti-formibus

; ovario glabro, ellipsoideo.

famuli apicem
pebolis

Folia

usque ad apicem in statu sicco insigniter
^antibus stipitata, membranaceo-chartacea, paullo nitidula, plus minus

onga, n 5
mm

lata, margine fere plana. Inflorescentiae in ramulorum
mm

lomn l
*" ulu ucciauarum axulis provementes ;

pedicelhs vix ultra

•Satr
01601 '8 deciduis

' Flores 4
mm lonS'i <

limbi segmentis ellipticis,

product

'S anthens connectivo ultra locellos optime per paria superpositos

t«« ^an/r'
06

•

r°tUndatis
'

ser
- exteriorum absque dubio introrsis, ser. Ill

"ndri

bmiS
.

gl°bosis mar"festis praeditis. Ovarium stylo crassiuscule
nco subaequilongo, stigmate capitulate Fructus ignotus.

oncepcion, Llanuras de Santa Clara, Cost., alt. 25om , Febr. 1896,

Clara,
La Emilia, Llanuras

Canag C p
25°m

'
Apr

" lBg6
' Donn - Sm- n - 675 J pl - cit.—Atirro, Prov.

^rOcote*; v
1

'

6°°m
'

Apr
-
18q6

*
Z?"Mf

*
Sm" n

* 6753 PL Cit-- Sub SaSSa "

Obs. S
era^uensi Meissn. distributa.— Incolis Quisara.

^termedja
P

h

C
-

,eS
* pulcherrimis inter #• Veraguensem et O. dendrodaphnem

8611
'foresee

4 ' Pr0p 'US acceden s- Sed folia et textura et magnitudine nee
entia pluriflora optime paniculata, &c, plane differt.

^ata^bat-
enanti°PhyUa D°nn

' Sm-~ FoIia opposita oblongo-

^iptica^

1 r°tUndata interdum retusa, in ramis floriferis ovato-
aCUte elongata basi acutiuscula, stipulis in unam intra-
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petiolarem connatis, petiolis linea interpetiolari conjunct

Cvmulae in utraque axilla geminae, floribus dioicis. Perianthii

segmenta imbricata. Floris masculini ovarium rudimentarium

evolutum.

Frutex 4-6m altus, ramis cavis medullosis glabrescentibus rubiginosis

verrucosis, novellis pubescentibus. Folia majora 14-1

6

cm longa 8-10** lata,

folia cymulas fulcientia Q-I2cm longa 3.5—

5

cm lata, supra pilis bulbosis scabra

subtus glabrescentia tri- vel tripli-nervia, nervis lateralibus utrinque 3-5 tf

basilaribus angulo acuto alte ascendentibus, petiolis pubescentibus 1.5-5

longis, stipulis lineari-triangularibus 3-6mm longis. Cymulae pubescentes

multiflorae, masculinae 2o-25mm longae, femininae i5-i8mm longae, pedicellis

quam flores brevioribus basi bracteatis, floribus 5-meris. Floris S pcnar

thium 2.5
ram altum usque ad basin paene partitum, segmentis erecto-paient

bus oblongo-ellipticis obtusis intus glabris, filamentis glabris perianthio pauto

brevioribus jam in alabastro erectis, antheris subversatilibus, disco piloso.

ovarii rudimento i
IDm longo stylo bifido rubescente apiculato. Floris 8

pen-

anthium minutum campanulare, lobis brevibus ovalibus, staminodnso^vano

semi-incluso subobovato 2mm alto Ieviter compresso, stylo usque ad basin m

ramos 2 ovario longiores totos stigmatosos diviso, ovulo pendulo. rnic

mihi non visus.— Species phyllotaxi et stipulis in Tribu Celtidiae abnomi

Pileam mentitur. Num sit genus novum ?

Secus Humeri prope Estrella, Prov. Cartago, Cost., alt. i8oo
m

,

-Viar

.

Juan J. Cooper, n. 5949 PI. Guat. &c, qu. ed. Donn. Sm.—Ad "P^ *

Pedregoso, El Copey, Cost., alt. i8oom , Febr. 1898,^. Tondus, n. 75
«"

Guat. &c, qu. ed. Donn. Sm. (n. 1 1734 herb. nat. Cost.).

Costus splendens Donn. Sm. et Tuerckheim.— Folia gi
»

petiolata maxima lanceolata e medio utrinque angustata, ffl
">

obovato-elliptica. Bracteae inferiores foliaceo-appendicuta
»

florales optime ovales floribus maximis bis superatae.
a

^
campanulatus quarta parte triangulari-dentatus.

Corolla a^
lobis obtusis. Labellum elongato-obovatum corollam tne^

superans 3-lobatum, lobis lateralibus sub-quadratis V1° a

^a

purpureo-fasciatis, intermedio in lacinias 3
plus minus angu>

recurvas aureas usque ad basin fere partito. Stamen

ellipticum, apice longe acuteque dentata inflexa

Caulis biorgyalis et ultra circa 4
cm crassus, internodus p

eru

;. ,.„„:_:.<•_ ., . . ... ,. ;= i«» altis. * 0U*
t

1

longis, vaginis fere glabris, ocreis pilosis subtruncatis i
cm alt,s

; ^ ^ ,
atior .

ad 4-5dm longa 12-13™ lata sursum acute attenuata basi petw ^^
infima 32™ longa 15™ lata, subtus purpurascentia vel demqu
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sccntia, petiolis I4mm longis basi dilatata I2mm latis. Spica strobiliformis

bracteis 3-4 foliaceis 13-25^ longis fuita, bracteis floralibus extusvirescens

ubescentibus intus vinosis 5
cra longis 2.5

cm
latis apice rotundatis, bracteola

neari 28
mm longa pubescente, floribus generis adhuc maximis circa i

dm

>ngis. Calyx pubescens io-i2 mra altus. Corolla glabra 6.5
cm longa, tubo

2.5
C" longo, segmentis obovato-ellipticis. Labelli lobi circa 20-25""" longi

r

postici inaequales 22~25 mra
lati margine erosi, laciniae anticae lineares vel

oblanceolate 2-5°"° latae. Stamen 3
cm longum I3mra latum ultra loculos I2mm

mgos I7mm productum. Stigma cano-pubescens semiorbiculare 4
mm latum,

appcndice vix breviore ovali bifido. Ovarium dense pilosum late cylindricum
n longum. Foliorum florumque magnitudine, et horum fabrica insignis.

Guatemala, alt. 35o" Jul. 1901, von Tuerckheim, n. 8015 PL Guat. &c,
S«. ed. Donn. Sm.

DONNELLIA Cap-
ula trivalvis, loculis monospermis; caetera Tradescantiae.

Donnellia grandiflora C. B. Clarke (sp. unica).— Callisia

mndifiora Donn. Sm. in Bot. Gaz. 31 : 125. 1901.

has

arc

P*« as a new subgenus Donnellia of Tradescantia, or call it Donnellia

I m
?
T'

3S herC proPosed - On the suggestion of Captain Donnell Smith,
may here give reasons for this course.

attend r
m°n°graph of the Commelinaceae (DC. Monogr., Phan. Ill) no

»bich

Pt
'!
made t0 deal with the genera "logically;" the same characters,

«Iv con

American genera {Tradescantia and its allies) constitute genera,
onstitute subgenera in Commelina and Aneilema. The main reason for

""S course (i * f n t

"ewna
" OUowing m>' predecessors), was to avoid the introduction of

kre folbw d^
^ part 'Cular of a disputed synonymy: and Bentham has

A c
* C me

' convenience has been preferred to any logical system.

««era of ?
16 ,DStanCe may make this more quickly clear. The two sub-

Comm*ti*a are absolutely distinguished (as cf. Bentham), and I

"^arran^
1^ 611 UP Monoon and Didymoon as genera (in order to make

C^w^« mentCOriSiStent With that of the American group); in this case

Cla*e, and

H

^
difiora L

' would have become Didymoon nudiflorum C. B.

C - B.Clarke
*??**'** VirSinica L. would have become Monoon Virginicum

many bot
shouId then have had two names current for each species

;

**• ^n ont

niStS W°Uld Prefer t0 keep only one genUS
-

But tbiS W°Uld

^eiieve in *\J
a
„
triflinS inconvenience. A school of modern botanists, who

for
tomethin
^ ^ that the Linnean nam« Commelina must be retained

g
'
must not be sunk altogether. Then would arise the insoluble

might

the
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torn

species of Didymoon or some species of Monoon. Then there would be a

question whether he had a type ; or, if not, which was the first species he

regarded as a Commelina. We should thus have had one set of botanists

adopting the two genera Commelina and Monoon, another set those of Didy*

moon and Commelina, with two new names for each of the ninety species of

Commelina. The case of Donnellia differs ; treating it as a genus alters

the name of no other existing species.

Explanation of Plate XL—Fig. i, habit.— Fig. 2, cyme in fruit.—

Fig. 3, flower.— Fig. 4, sepal.— Fig. 5, petal.— Fig. 6, perfect stamen.-

Fig. 7, imperfect stamen.— Fig. 8, pistil.— Fig. 9, capsule.— Fig. 10, cross

section of capsule.— Fig. ii, anterior and posterior views of seed.—Z^-

'

and 2 are natural size ; the others are variously enlarged.

Polypodium Alfari Donn. Sm. (§ Eupolypodium).— Fro;

parte

parva pendula glabra pinnata linearis deorsum paulatim atten

uata, pinnis utrinque 15-35 adnatis contiguis triangulares

vel e basi triangulari linearibus integris margine superiore ad

basin dilatato angulo recto patentibus, inferiore decur
^

entl^
venis simplicibus paucis brevissimis in pinna

exteriore nullis, soris 1-6 costae approximates.

Stipites fasciculati filiforms arcuati castanei inferne pilis patentibus vc 1

.
r r .cm lata, rnacoi

1.5-2.5™ longi. Frons membranacea io-20cra longa l.f-4 ^
ebenea. Pinnae distinctae alternae medio 2-3*™ latae, infenores ax^
infimae ad alas cuneatas reductae, costa ebenea infra apicem eva ^
vena basali superiore ceteris longiore obsolete sorifera, gofiS

Jjflftp
rotundis, extimis ad costam subimpositis, paraphysibus nulhs.—

Desv. proximum.—Oculatissimi repertoris in honorem dicavi.
^ ^

In truncis arborum, Sierra Alta de Navarro, Prov. Cartago^^j^

2ooom , Maj. 1901, Anastasio Alfaro, n. 8063 PI. Guat. &c, qu. e .

Baltimore, Md.

£i
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THE RHEOTROPISM OF ROOTS.

Frederick C. Newcombe.

(with fifteen figures)

[Continuedfrom p. /<?<?.]

II. VELOCITIES EFFICIENT IN THE FORMATION OF CURVES.

In my published abstract, 1 already referred to, it was stated
nat definite relations exist between the velocity of flow and the
response of the root. Juel 2 paid some attention to the same
object, finding that Vicia sativa grew generally with a negative
wrve, or straight, in velocities- above i8oocm per minute; while
rom that rate down to i.8cm per minute the response was gener-

% a positive curve. Similarlv with Zea mays (the variety is

3000

given), the same author found devious behavior in a velocity

per minute, but positive curves in a velocity of I200mc

I*' minute; in velocities of 66cm
to i8cm per minute, he found

^per cent, curved positively; while in velocities of 4.8
em

to

It is T minUte
'
less than one-half the roots bent positively.

the

'S therefore, that in a velocity above i8ooem per minute,
^primary roots in both species named grow either straight or

a neSative bend. As Juel points out, this does not neces-
with

sarily

rl»eotropic. Th
gat

'Wer k»* of a stin
mated for Zea mays
minute.

O

:

OT per

My QWn
uci

exPeriments to determine the limiting velocities

8 response have been carried on with several plants, but

*' p roc A«, ^ the relati°n of response to a stimulus. Bot. Gaz. 22:242.

•In.
L

m

;
r' AsS- Adv-Sci. .896.

. igor
11^" 11^ 11 "^ den Rheotr°P»smus der Wurzeln. Jahrb. Wiss.

<96

34
: 50'

1902!
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more

Rapk

extensively with Zea mays (popcorn), Brassica alba, u
&

w
few words, yet, to afford the reader opportunity to judge the

evidence, the following tables are given.

TABLE 1.

Experiments with Zea mays (popcorn). Temperature in air 24
s

.

No. of experiment and
revolutions per minute

I

8 seedlings X 40

Flow per minute After <£/A hours

2500 to 500cm

9 seedlings X 26

III

1630 to i3oocm

1 140 to 325

8 roots =

After 18

8 roots ss

8 seedlings X 16

iooocm

3 roots =
6 roots = +15° to 40

3 roots

6 roots

900
800

700
600
500
400
300

1 root

1 root

1 root

I root

1 root

1 root

I root

I root

+ 10

-|-20

-20

-30

+ 40

IV

9 seedlings X 2

I25cm

"3
100

88

75
62

50
38

25

I root

I root

1 root

1 root

1 root

I root

1 root

1 root

I root

-f-40

+45
-45

35
-40

+45
+45
+45
+45

I root

1 root

1 root

I root

I root

I root

I root

I root

-90

-4
c

+10

+4

-90

I root

1 root

1 root

1 root

I root

1 root

1 root

1 root

1 root

4*
+80

+43

4*
+50

-^^waw^j tv^UlU^U 111 Lilt J.IS1 l~gvriXJg w^~~-~

with seedlings of the same planting ; the experiments were c

same room. The external conditions, therefore, were a- ne

alike as possible.
d

..

An examination of my notes on experiments per orffl^
various times during the past three years shows that

^ ^
sativa has varied in its response according to the velo

<f
}

'

{or tbe

flow. Unfortunately, the experiments not being mad* ^
purpose of determining the effect of various velocities, t
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were not taken in sufficient detail to show more than very gen-
eral The results are these :

TABLE II.

Exkiiments with Avena sativa. Temperature in air 22 ° to 25 °; period for each
Telocity from 10 to .7 hours, except in the case of 15 roots, where it was 30 hours.

Total no. of roots

96

57

58

Flow per minute

25 to 100
100 to 300
300 to 2000

om

Percentages of curvatures

46 %
81

40

+, 51%
+, 14

+. 30

0, 1%
o, 5

0, 30

From this table it is evident that streams with a velocity
Wow iooOT per minute do not bring responses in the majority

,nd»viduals
;
and that velocities of 2000cm and below give

«*ay negative curves, these probably being merely mechanical.
1 »s quite probable that velocities above 300

cm per minute would
give a majority of positive responses, but my notes do not set
e aPProximate upper limit.

as w' h

tCStS With Brassica alba show practically the same result
with Avena sativa. A velocity above iooocm

per minute will

foots *in ^ my tGSt g°eS '
0nl^ verticaI and negatively bent

not b

a Velocity between 6oocra and iooocm per minute will
r,n
g a positive response in one-third of the roots.

E***
IIIEN.TS

TAfiLE in.
WITH Brassica alba, to show upper limit of speed calling forth a

response.

—J"- len>Pmture
in air Period

1*5 to 24 hours
J 4 to 24

Th

500
1000

1000 to 2000

cm

e table fails to show

-h 50

r°ots
in v •

**"" w saow the various angles assumed by the
various

velocities. In the rates between ioocm and

ktween fir!T

lnUte
'
the anSIe was '" more than half the roots

«* 00 and 90 .
•oo<*

per
e

In 56 seedlings tested in a velocity below

angle attained averaged less than 40 . In
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velocities above 6oocm per minute, the angle was less than in the

lower rate.

The lowest speed to which any of the roots will respond

with well-marked curves has been determined in another series

of experiments. The same general method was used as before,

except that a klinostat gave the revolution, and no seedlings

were set nearer than 3
cm to the center of the dish. The seed-

lings were thus suspended across the diameter of the basin in

four groups, two being in the outer circular channel 45
1" io

radial width, and two being in the inner channel 35** wide

there being an unoccupied central portion of water 55*
-1 &

diameter. The innermost roots that were 3
cm from the center

were therefore within 5""" of the inner glass, wall, and hence 1

may be assumed that the friction of the water on the glass wall

would maintain there a water current with fairly constant direc-

tion, even in this slow movement.
In the following table the roots are grouped in two classe

those in the outer channel of the revolving basin where there

was a velocity of 2.36cm to 4
cm per minute, and those in the inner

channel where the velocity was i.i8cm per minute to 2 f*
r

minute.

TABLE IV.

Expedients with Brassica alba, to show the lower limit of speed ca tog

forth a response

Velocities = 1.18cm to 2cm per min.

Experiments

I.
' C.

T 23 hrs., x
1 m 16 min.

II.
a»

6

C. f x8his., X
1 in t6 min.

Total

Velocities a 2.3^
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The foregoing table does not tell the whole story. The

roots in the velocities above 2cm per minute had the character-

istic appearance of rheotropic responses, the apical part of the

root being bent in a curve. The roots in velocities below 2
cm

per minute showed mere inclindiions and not curves. Moreover,

the bent roots in the higher velocity were in 80 per cent, curved

only in a plane parallel with the current, while nearly all the

bent roots in the lower velocity were curved either in planes

oblique to the direction of the current, or they grew in two or

more planes at various angles with one another. In other words,

the velocities below 2™ per minute ceased to control the direction of

powtk.

The fact last, mentioned is further emphasized by the

behavior of the roots of Brassica alba in basins of water revolv-

"»g once in 24 minutes. With such a speed as this, the velocity

»n the outer channel of the basin extends from 2.50™ to i.8ocm

^ minute, and in the inner channel from i.50cm to o.78cm

per minute. The behavior of the roots was about the same in

channels. Seventy-eight roots were used, the temperature
">g maintained constantly at 22° in air, and the period being

9 °urs, 15 hours, 24 hours, and 28 hours in four experiments.
wenty-two roots inclined against the stream, fifteen with the
twam.and forty-one roots were neutral. This gives 28 per
Cent ~_ _•-•

1
i"ve, 19 per cent, negative, and 53 per cent, neutral.

it would be unfair to regard these proportions as of much
^oment. Rather should it be said that the lower limit of

ks°b/
effeCting

Posit»ve responses on the part of these roots

» »hT PaSSed
- lt cannot be said, however, that the stream

!urds° f

With°Ut influence on the direction of growth. Two-

fcviated

thC mUStard roots in velocities below 2cm per minute

po^
C from the vertical direction in their growth. For pur-

frQm ^
surnmarizing the results given above, all roots bent

*cre co

6 VertlCal Plane in which the seedlings were suspended

^ in th"

ted ^ Cither Positive or negative, and all roots remain-

°«nted
^ PlanC WCre COunted as neutral ;

but many of the roots

aS P°sitive or negative were also oblique to the direc-

Buti
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tion of the current, and many counted as neutral deviated from

a straight course. That this very irregular direction of growth

in streams of low speed is due to the movement of water is

made known from the fact that these seedlings produce ver

straight roots in still water. In a control test, fifteen seedlings

suspended with their roots in still water grew straight. It seem

to be demonstrated, therefore, that currents of water with a

velocity less than 2cm per minute are not able to call forth a

positive response in the primary root of Brassica alba.

The results obtained in attempting to determine the mini-

mum, optimum, and maximum velocities for inducing a rheo-

tropic response in Raphanus sativus show that this plant agrees

very closely in these respects with Brassica alba. Since these

results can be most briefly given in tabular form, we will again

resort to that method of presentation.

TABLE V.

Experiments with Raphanus sativus, showing relation of response to velocity-

Period, 8 to 24 hours, the record being made when the most curves showed is

each experiment.

Total seedlings

36
II 7

10

Temperature in air

22 to 24
22 to 24

23
22 to 23

Flow per minute

25
50

600
1000

to 100

to 500
to 1000

tO 2000

cm

atures

72 %

93
12.5

+
+
+
+

28 %
3o

87.5

40

* =

•5
=

60

.fourth of
From this table it appears that approximately one

the roots remain neutral in a velocity between 25
cm l

per minute, that the optimum speed lies between 50 an
3 ^minuteper minute, and that velocities above I000cm per

This table, however, is no
call forth a positive response
precise statement of the percentages of response, »» ^

roots curved and straightened again before the final recor
3

made. Such roots were very few in number, and

probable that the percentages would be changed more

or two units if the more accurate record were made.
|ned

Not only is the largest number of positive curvatures

1
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in velocities between 50
cm and 500cm per minute, but the largest

angles also. The most of the curves in velocities below 50
cm

per minute are less than 30 , while the greatest angles are

attained in velocities between 200cm and 500cm per minute.

To determine the effect of a very slow current on the direc-

tion of growth of the roots of Raphanus sativus, three experi-

ments have been carried out with the revolving water basin,

divided as before into three concentric compartments, the roots

being immersed in the two outer. The klinostats were adjusted

to give one revolution in 32 minutes and one in 45 minutes,

offering velocities ranging from 0.4
cm to 2cm per minute. No

difference in behavior of roots could be detected for the various

elocities. The temperature of the air was held constantly at

23 ; the period of two experiments was 22 hours, and the other

4 hours. Altogether seventy seedlings were used, giving thirty-

four positive inclinations and three negative, while thirty-three

roots grew straight.

In the first place, it may be said that the roots of Raphanus
we not disturbed, as are those of Brassica, by the very slow

brents of water. It will be recalled that two-thirds of the

roots of the former grow irregularly in direction, in streams with

a current below 2cm per minute. The roots of Raphanus, which

** designated above as neutral, pursued a vertical course

downward.

In the second place, the fact should be emphasized that in

ese slow streams the character of the bend of the roots is dif-

Crent from that seen in the higher velocities. In the latter a

P°»«tive curve is concave toward the stream ; in the former the

^
C ination against the stream is either convex toward the stream,

yf

mclination is in a straight line. In very weak currents,

vert* r PCr minute
« the apex of the root for 2mm or 3

mm points

thi Tay downward
- The accompanying^". 8 will illustrate

^difference. The angles attained by the roots of Raphanus
*Mn these very low velocities ranged from io° to 45° from

ltle
vertical.

'
ee,n

g that nearly all the bending roots of the radish are
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DOturned against the stream, we must name the phenomenon
tive rheotropism, even in velocities below i

cm per minute. The

case is different with the mustard. In that plant velocities below

2
cm per minute gave only 28 per positiv

inclinations to 19 per cent, of negative, and 53 per cent, of

neutral roots. The

difference between

the number of

positive and nega

tive roots in the

mustard is not so

great that we ma}

call the exces- of

a 6 c d
r IG, 8.— Four roots of Raphanus sativus after stimula-

tion by the water current. Roots a, b, and c have been in 9 per cent, indica-

streams with a flow of less than 2cm per minute, while d has tive of a positive

been in a stream of 200™ per minute.
response. With the

radish, however, the roots bend only in a plane parallel with

the stream, and thirty-four positive roots to three negative

and thirty-three neutral require the verdict that approximate!)

Raph directed by a water

stream with velocities ranging from 0.4
cm to 2

cm per minute, or

even by a velocity of less than i
cm per minute.

Hehanthus annuus gives m
_, I ,

from ioocm to 6oocm per minute; while in one experiment with

six seedlings, velocities from 6oocm to 2$oocm per minute, one

root was positive, four negative, and three neutral. tt»*
"

vum in three experiments, with velocities from 500
cm to 140°

per minute, gave nine positive roo. ™ts, sixteen negative, and nine

infer that the higher velocit.es a
neutral. From this we may in

least cause mechanically negative bends.

Vtcia faba gives positive curves in a si

other plant worked with. In one experiment, wi
^

from 6oocm to 2500cm per minute, eight roots bent P
os,m*\

tream than ar

ith velocity

eh

eight negatively, and three were neutral. In another exp

tive one at iooocm velocity, one at 1500
cm

P°

2000'

si-
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I

This is the only plant that has not always given a negative bend
in a velocity of 200Ocm per minute.

An examination of my notes on all experiments shows that,

without having determined the optimum velocity precisely for

any species, all of the plants I have worked with give the most
constantly positive responses and attain the greatest angles in

elocities between ioocm and 500cm per minute.

III. LATENT PERIOD AND AFTER-EFFECT.

A remarkable fact in the rheotropic response of roots is the

extraordinarily long latent period. It is true that Berg* states
that he obtained curves often within thirty minutes. But he
gives neither the precise plants, nor temperature, nor velocity
with which this result was obtained. When he used the reading

ktent period of one hour,
temperature and velocity
initial curves in two hours.

: with Zea mays, he

Juel (/. c, p. 529)

have been

brought \r

Juel

.. _- number of plants, and have

of velocity of current to time of

b^
QSe ThC following tables will show how these plants have

th taki
^bservations were made at the intervals recorded in

es; and hence the curvatures recorded for any hour,
ept the first, may have begun between the time recorded and

e preceding observation. Close attention failed to reveal any

Observation was made
With t-U

-"-« wgnty miuuies. v^usci vatuju »w »*«***».

feadin
^ Unaided e>'e

'
and we may assume, therefore, that the

than? ^
1Cr0SC0

Pe would have shown a shorter latent period

00e^ ty minutes. Reference to Jig. 10, page 275, will convince

Sfteen

SCVeral of those curves must have begun at least ten to

-njn.nutes earlier than the time recorded.
mark "?"

in the following. tabIe indicates that no
^^.un was

"ElG* Sh A'en Uber Rhetropismus. Lunds Universit. Arsskr. 35*: no. 6. 1899-
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TABLE VI.

LATENT PERIOD FOR RAPHANUS SATIVUS.

Flow per minute

g
3

c.t:

H

U
V

25- 50cm
60- xoo
125- 200

225- 400

425- 750

775-1500
1525-2500

23
23
23
23
26

23
26

23
23

II

3
9
9
5

10

12

20

5

1-

« M
CQ

o
o
o

1+
I

O

(A-

£
CO

8

4
o
o

o
o

1+
8+
4+
o

o
o

1+
8+
7+
o

o
o

3
2

1+
8

7
o
o

-"

fi

s

312+
5+
8+
8+

o

3

o
o

3

7
8

8

o
o

o

3

5

*

C 3
2 -
5 j=.

x.
\

r* h

!+

I

III

\*
s 8+

3+

?

3+
o

I :

The following table shows the shortest latent period observed

for several seedlings. It is certain that the latent period would

not be shorter in a velocity either less or greater than that given

for each plant, with the exception of that for Brassica alba. For

this plant, experiment has not shown whether a quicker response

would be found in a velocity greater than 2S0
cro per minute.

TABLE VII.

SHOWING SHORTEST LATENT PERIOD OBSERVED FOR SEVERAL PLANT%

Plants Optimum tempera-
ture for growth 4

Raphanus sativus
Brassica alba
Hordeum vulgare
Avena sativa
Zea mays (popcorn)
Pisurn sativum
Helianthus annuus
Vicia faba

Temperature of air

in experiment

27.4
28.7

33
25
3i-5
26.6

23
23
23

23

24
23
23
25

Flow per minute LsLtemv***

200-400

200-250
100-22$

100-225

200-400
200-600

cm

2

2

2%

6

Lathyrus odoratus responds so slowly that in a set of * J

seedlings in a favorable veloc
perature

20° to 23 , 24 hours elapsed before I was certain that the root

were responding
; yet within the next 24 hours fourteen ro

showed good rheotropic curves.

* These temperatures are taken from the tables in Sachs' Tex

translated by Vines, 1882, p. 830, but are changed in two cases to ac

obtained in my own work.

t-book of B**1

cord with 1a*
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A comparison of the optimum temperature for growth with
the temperature used in the experiments will indicate that the
seedlings used would probably, in most cases, show in the opti-
mum temperature a shorter latent period than that given.s We
may suppose that by the aid of the reading microscope the
latent period could be seen at the optimum temperature to end
for Raphanus sativus, Brassica alba, and Hordeum vulgare in an
*>ur. It is hardly to be supposed, however, that for Pisum
u&vum, Lathyrus odoratus, and Vicia faba, the latent period could
^reduced to two hours. Compared with the latent period in

riods for rheotropism are extremely
geotrop

long Raph
•ater, at a temperature of 26 , show to the unaided eye a geo-
^opic bend in 15 minutes; those of Pisum sativum, similarly
jated.show, at a temperature of 23°, a geotropic bend in 20

bW
tCS The latCnt Period for rheotropism, therefore, is sixm*s as ong as that for geotropism. A rheotropic curve, how-—

•,
is carried out in opposition to the geotropic tendency of

when

ant

•

N
° °ne haS ^Ct found the latent rheotropic period

made ^

ra

,

Vltati°n is neutralized. A better comparison can be
WW the heliotropic latent period, which is shown by the
Whi p of.-ii . ... , .

r J

tin

ever

?:

under the influence of gravitation.

Helianthusronte • ° fu**tca aioa and
•°ois immerse :«

then ex
m an air temPerature of 2 3°> and are

%ht, theM
d t0

°ne'sided illumination with strong, diffused

^eotropiT
tent PeH0d WiU be found comParable to that in

fcst negat"

1 F°Ur Seedlin^s of B™sica alba were used, and the

Routes W
C

K

bend percePtible to the naked eye came in 75

^g ne •

tW
° h°UrS ° f the be&innin^ ali four roots had

did not a

gat,Ve CUrV6S
' The heliotroPic curves in Helianthus

^ts out
P
f!

ar Until 2^ hours had elapsed; then only three

Tables VI ^ reSPonded '

cit f

and VI1 aIs° show the Iatent Period in relation to

flow. In general, it may be said that for several

the

"•***•^ temperature

ic response
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plants the latent period is shortest in velocities between 100*

and 400cm per minute. Raphanus sativus and Viciafaba, however,

have shown their shortest latent period in velocities above 400™

and below 750
cm per minute. The influence of velocity on the

time of response is shown in a striking way by using the basin

of water, revolving at a rate to give critical velocities in th

radius, and by suspending a row of seedlings along the radi

From scores of such experiments, two may be selected here

In the first, the revolution was twice to the minute, giving along

a radius velocities from 2 5
cm to I2 5

cm per minute. The tempera

ture in water was 22°, and twelve seedlings of Rapha?tus sahvus

were employed. In two hours the three outermost seedlings ha

bent + ; in three hours the three outermost were + ;
in four

and one-half hours the six outermost were + ;
and in seven

hours the seven outermost were -f , while the remaining five

nearer the center were all neutral. In the second selection, seed-

lings of Brassica alba were used. The temperature in water wa*

23 , the revolution 24 times to the minute, and the velocitie

ranged from 3oocm to I500cm per minute. After three hours t e

three roots nearest the center of the basin were + ;
after ei£

hours the six nearest the center were + ; and after fifteen

the eight nearest the center were + ; while the fourteen ou

most were all directed vertically downward and therefore

called neutral.
of

The foregoing considerations have shown us that the 1

response stands in definite relations to the velocity of curre^

We may at this point inquire whether the variation in the^

of response in constant external conditions may e

wholly to variation in the rate of growth. A seedling 1*

^ ^
regarded as so low an organism among organized eing .

dualization, one ©iri>

one might expect a low degree of individualizatio , ^
expect constant results in constant conditions of gr°

_^ ^
environment. Could we not carry on our experimeri

1 ^
otropism quantitatively, and thereby look for **^

botan!

periods and constant angles ? The experience of *fv^ lh

is against such an assumption. Every one is farm ia
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fact that when several seedlings have their roots laid horizontally

$0 as to carry out the geotropic curve, some roots bend at

angles varying from those of the majority, indicating either an

individualism in sensitiveness or in response. The rheotropic

response shows like variation. In general, the most rapidly

growing roots are the first to

respond, but in nearly every

experiment there are found
roots varying their time of

response from that of their fel-

lows of equally rapid growth.
This fact is illustrated by figs.

9 and TO. It is easy to see a photograph. Seedlings ready for

that root no. 5 has grown most
exPeriment whose result is shown

'

mfie ' I0 '

and also curved most ; but root no. 2 has grown less and

Fig. 9.

—

Raphanus sativus, tracing from

the

bent

more

tions w

cm

more than no. 1, and no. 6 has grown less and bent

It is true that in these cases external condi-

'ere not precisely similar, for the velocity of current for

some of the roots was 675

and for others 72$™ per min-

ute, disregarding the irregu-

larities of current caused by

the roots themselves. How-

ever, root no. 2 was in almost

exactly the same theoretical

rate of flow as no. 4> must

have felt more of the irregu-

larity of flow caused by the
„,„, a iciupcia- J

, A' A
velocity of 675"° to 725°° roots in front of it than am

To show initial rheotropic no. 4, and grew less than no.

r 'G- K.-Raph

^^Pn taken i# hours after ,
.

fet Of 2!

m On th
4 ; yet it curved to a greater

ogical
^ °ther hand

'
many of these variations in Ph>' sl "

lectin

feaCti0n could P^bably be reduced were care taken in

^rfo b

dividuais wh°se past devei°pment and hist°ry were

e after-effect of the rheotropic stimulus is shorter than the
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rheotropic latent period, both considered without the neutraliza-

tion of the effect of gravitation. Roots of Raphanus sativus

rheotropically curved have been seen to begin to straighten

geotropically 20 minutes after the water stream was stopped,

the temperature in air being 23 . Under similar conditions,

except at an air temperature of 28 , the roots of Zea mays

everta
)

40 minutes. Ob

faba

in air, continued to bend rheotropically for an hour after the

water stream was stopped.

From the foregoing results we may conclude that the rhe-

otropic stimulus is in active competition with the geotropic

stimulus, so that the operation of the latter is very quick

manifested when the former ceases to operate. One might have

supposed the after-effect would have been considerably pro-

tracted, seeing that the latent period is so long. Such, however.

is not the case. It remains an open question whether t e

rheotropic latent period would be greatly shortened were re

opposing geotropism eliminated. The latent period in

response is no greater than that for traumatropism
6 and t a

the clasping of some tendrils.7

IV. PERSISTENCE OF SENSITIVENESS.

The response of roots to a stream of water is continUOUS

shoir

a long period ; and although there is some evidence to^
that roots subjected to a rheotropic stimulus lose in greatw^
their geotropic sensitiveness, yet we may regard the ir^^

taken by the roots growing in a stream of water as a

direction. This resultant direction forms a greater or ^^
with the vertical according to the plant species, and ace^
to the intensity of the rheotropic stimulus. This ang e J ^
90° in Fagopyrum escule?ttum, Raphanus sativus, Brass* ^
other plants, or it may average no more than 45° as f"

weak

V. saliva, Pisum sativum, and Helianthus annuus. A v
-

6 Spalding: On the traumatropic curvature of roots. Annals
^ ^

7 Darwin: The movements and habits of climbing plants.
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stimulus, such as that given by a water current of a few centi-

meters per minute, gives an average angle in Brassica alba and

Kapkanus sativus oi perhaps 1 5 ,
while the most favorable stimulus

brings a response averaging nearly 90 .

It might be thought that a root responding to the rheotropic

-nulus by producing an angle of 45 ° to 90 from its direction

of geotropic equilibrium would soon show signs of fatigue by the

reduction of this assumed angle. Such behavior, however, on
the part of the plant has not been observed, in cases where the

us is above a relatively low intensity and below a relatively
high mechanical pressure. Thus, ten roots of Zea mays (everta),
«n velocities ranging from 50

cm to ioo cm per minute, all attained
jangle of 45 in n hours, and maintained the same angle to
tynd of the experiment, 10.5 hours later. Helianthus annuus,

* ten roots in water flowing 100 cm to 500 cm per minute, showed

.

roots Gaining their angle of 90 , 33 hours after the begin-
ning of the experiment, this angle having been attained by most
° ther°ots 15 to 18 hours earlier. Ten seedlings of Raphanus

stimul

*«tow (variety Yellow Oval) all bent their roots positively in a

io

Clt
-\ 3 50

cm
to 400 cm per minute, temperature of water 23 ,

Bot

a

b

Penod between twelve and eighteen hours, the exact time
eing observed. The angles attained varied from 1

5

to 90

.ui!

"

SIX h°UrS after beginning the experiment all roots were
•" P

o

°

f

SUlVe
'
and at angles of 30 to 90 . A set of seven seed-

totheVo

C Eady L°ng Scarlet radish held their Positive an£,es

bat ,

°Se ° f the exPeriment, twenty-nine hours after the angles
°m appeared.

" which

°Urrent
'
s very vveak many instances have been observed

mcipjent
?

r°0t straightens into its vertical position after an

«> en™
' eotro

Pic curve
- F°ur roots of Avena saHva growing

»«
constant

— -— * «ui iuuw ui /ife«« *»~c~ 6 -~ <

minute bee
^"^ velocities ranging from 50

cm to ioo cm pe

1,151
all str^T

C P°Sitivel >' rheotropic within the first 3^ hours,

one nr

aightened within the ensuing 1 U hours. Brassica alba
,c

preparati •

ti,e
roots

^ a revolving basin where the velocities for

ranged from 50™ to ioo cm per minute showed sixr-ot s
osit

per
C Witnm three hours, but within the next hour four
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With

of these straightened. Raphanus sativus, during the first three

hours of an experiment in which twelve seedlings were placed

with their roots dipping into water, the velocities at the various

distances from the center of the basin ranging from 50
cm

to 100

per minute, and the water temperature being 22°, gave rheotropic

responses in the three outermost roots. These roots after the

lapse of four hours were seen to be straightening,

first seven hours of the experiment seven of the twelve roo'

bent positively, but after seven hours more, all twelve roots,

except two tardily straightening ones, were in the vertical position,

except for the fixed portions of the rheotropic curves.

Analyzing these results, it would seem that the matter can be

thus stated : (
1
) a rheotropic curve in response to a wea

stimulus will, sooner or later, be overcome by the response to

gravitation, so that only the geotropic response is evident; {)

a stronger rheotropic stimulus acting at the same time with t e

normal geotropic stimulus may produce a curve giving a deviation

of less than 90 from the vertical, this direction being re£ar
.^

as a resultant of the water current stimulus and the gravitatio^

stimulus
; (3) with highly sensitive roots and a suitable rheotr^

stimulus, an angle of 90 from the vertical may be ******.

that the geotropic response of the plant is wholly °™tc°™
v]

the rheotropic, except for the geotropic counter-curve w

be discussed later.
. that t0

The overcoming of the response to one stimulus ff ^
another is well illustrated also in the horizontal P ^"^
by stems in response to horizontally directed rays of ig

heliotropism apparently vanquishes geotropism.

V. THE GEOTROPIC COUNTER-CURVE.

One who studies the rheotropic behavior of roots soon^^
that when a root has acquired an angle of great devl

^vnft
,ar

the vertical, the apical 2mm of the root are ben
q

.

k«. t :.... .., ., ..__, iw antrle than the p

where

w — — w~

thus forming with th rheotrop*

the root farther back. If, for example, there is
^^

curve of 6o°, the apex of the root will often s
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ward dip of 5 to 40 . This appearance is well illustrated

in jig. 11.

Both Berg (p. 27) and Juel (p. 529) have discussed this

phenomenon, but neither, to my mind, in a very satisfactory

manner. The former suggests that the apical 2 mm of the root

may not be sensitive to the water stream stimulus, and hence

this part does not take the direction of the growing zone, which

Berg believes to be sensitive. The objection to the argument of

Berg lies in the fact that it is not a question of sensitiveness but

a question of response. The receptive tissue and the responsive

tissue may be, we know, quite widely separated in various

irritable phenomena. Juel explains the S-shaped curve formed

ty the rheotropic curve and the geotropic counter-curve as result-

«ig from the competition of rheotropism and geotropism, the

former being the stronger in the proximal part of the growing

«»e,and the latter being the stronger in the distal 2
mm

.

Before proceeding with the discussion of the S-shaped curve,

"may be well to state that it is not peculiar to rheotropism, but
5 seen also in heliotropism. If seedlings of Brassica alba be set

U
P "i the usual way with one-sided illumination, I have found

* en the heliotropic curve reaches or surpasses 45°. that the
apical 2*™ show a geotropic counter-curve like that seen in rhe-

^

r°pism. If now> we take intQ account the experiments of

*!ri f
nd N ^mec9 showing that geotropic sensitiveness is

and
•

°st lkely confined to the apical i.5mm to 2mm of the root

^experiments of Czapek 10 showing that roots receive their

^^ geotropic stimulus when at an angle of 135° above

imuI

VertlCaUy downward position, and that the effect of the

we ca

^ dlminishes instantly with the reduction of this angle,

trj^[
eadily See that the geotropic downward dip of a rheo-

[

a
y Cu™ed root diminishes greatly the strength of the

»:3l3.
APEK:UnterSUchun

Sen iiber - Geotropismus. Jahrb. Wiss. Bot. tjr*»«S

^-Wiss i .

die Wahmehmung des Schwerkraftreizes bei den Pflanzen.

"
CZAPEK:Jahrb

- Wiss. Bot. a7:283 .
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geotropic stimulus, and thus gives a greater opportunity for the

operation of rheotropism. When a root is displaced out of its

position of geotropic equilibrium, the angle of ensuing geotropic

curvature has been observed by many to begin, according to the

diameter of the root, 2mm to 3
mm back from the apex. Root-

such as I have used for the most part, are i.2 5
mm or less in diam-

eter. In these, the geotropic angle is at first about 2
mm from the

apex; subsequently the curve extends backward, and includes

several more proximal millimeters. We may follow the forma-

tion of the S-shaped curve thus : The rheotropic curve begins

Zea mays, according to Berg, in the 3dmm from the apex; and

Juel I have frequently

seen it originate in the 2dmm of both Brassica alba and Raphaim

sativus, though in these plants it is often first seen in the 3a

Juel

counter-curve generally does not appear till the rheotropic cune

5

rheo-

Raph

or over, and only one of these showed the dip of the tip.
'

observations show that the tip of the root, even the apica .

may take a rheotropic curve. The part of the root farther ac

A as idX '

begins to curve a little later, and a portion removed * ^
u mm from the apex, may, in Zea mays, according to Ber2'P

ticipate in the rheotropic response. As the rheotropic^ ajj^

increases, the sensitive apex of the root comes more an^
into positions of increasing gravitation stimulus,

^
geotropism overcomes rheotropism, and the geotropic 'P.^
to appear. As soon, however, as the tip declines, t e gT ^
tion stimulus is less strongly felt and the rheotropic ang ^
now increase. This increase, however, is accomplished

the

farther bending several millimeters distant from th

d̂

'

r

'

he0

tip declining geotropically as the part behind it is

^^^
tropically. This behavior, after the S-curve begins to ^ ^ ^
really implies a localization of the geotropic resPons

**
s fact is

curve
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theroot is enabled to attain to a considerably greater rheotropic and

hcliotropic angle. The continuance of this behavior brings about

aconstant straightening of the geotropic curve in its proximal part

and a constant re-formation of the geotropic curve in its distal

part, giving in a root of Raphanus sativus that has been in its

rheotropic and geotropic equilibrium for some
hours, 2

mm
to 3

mm of the apex dipping to an

angle of 45 to 15° from the vertical, back of

th; apex a straight piece from several to

many millimeters in length, generally lying at

an angle of 45 to 90 above the vertically

downward position, and lastly the rheotropic

b

Fig. 11.— Root

of Lupinus albus,

showing (a) rheotro-
aagle in the form of a more or less open arc pic curve and (*)

connecting the rheotropically growing piece geotropic counter-

Of th e root with the older vertical part.
curve.

tares just described.

Lup

The rheotropic curve at the beginning may be quite like the

geotropic curve of a root, but after some hours it will be noted

t 2

s

3 4 5 6 7 8 9 10

12.

•>. ocuuc ume. lNumoers g anu iu suuw ««. b**»—«--

sativus. The difference in the character of the rheotropic and

*Ratk

~
Nurabers ' to 4 are tracings of the rheotropic curves of a single seedling

' "^ *#m. during the period of five hours. Numbers 5 to S are tracings of

*°nwTJr^ ^ thC Same time
"

Numbers 9 and '° shoW the geotropic
CUneS

^opic curves is apparent tQ the eye

that the

bending

urv-e.

'"crease of the rheotropic curve is taking place by a

tarther back from the tip than occurs in a geotropic

c same

% 12, nos.

Raph
1

tanus

to 8, shows rheotropic curves of two

all made at the same time from

The rootsvariety and the same planting of seed.
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were traced by laying them on ground glass under water,

drawing on the ground glass with a lead pencil kept parallel

with the roots, then transferring to paper by laying the paper

over the ground glass set in a window. Fig. 12, nos. 9 and

10, shows geotropic curves after the plants had been lying

horizontally for four

hours, with roots in watc

at a temperature of 23

The rheotropic curves of

3

1 1 to 4 were made in

velocities of water rang-

er

<

ing from 400*

er minute, temperature
P
of water being 22 :

and

the curves of 5 to 8 were

made in similar circum-

stances except that the

Fig. ll—Xapkanus sativus. Three stages of velocities ranged

a single seedling illustrating the undulating course cm to 600cm Per

from

ruin-

The early rheotro

of 32° ^ 3*

of the root; selected from a single preparation of

16 seedlings, 12 of which had similar curves; a Ute.

shows the seedling before beginning the ,
revolu- pic curve

tion of the basin of water; b> after three hours'
£rom the apex in

revolution; cy after 21 hours' revolution. The , . jricreaseb}'
rutr^k^ . ——^— *.» *.i j -r *i *i~~ k„- continueu 1

*

no, /

number

of wood; 2, the rubber bands holding the two farther bending

strips of blotting paper (j) against the bar of sam e tissue even

this had become 5
wood. The temperature was 23.5 in water.

6 ffim
distant from the apex, till in no. 4 the an

when

m* to

43 So also in

ng in

the figures that the initial bending of 1
5° at 3

in 5 has in 8 increased to 32 ~y «~ .

l$

tissue, though in the latter case the apex of the ang e

from the root-tip.

_ become

ent from

the ape*

the same

6
--

A iearance m a

singular result worthy of note is the app

of greater -^ ^
angle, giving to the root an undulating course.

rtffles and

root of several alternating curves

A
angle
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fO lesser. This phenomenon I have seen only in two con-

ditions— in high temperatures when the growth was very rapid,

and with a very weak stimulus, the latter illustrated in fig. 8, c.

It may be explained in either of two ways. We may suppose

that the root changes its sensitiveness or degree of response in

successive periods of time ; or we may suppose that the after-

effect of the gravitation stimulus on the one hand, and of the

rheotropic stimulus on the other alternately carries the bending

root beyond the position of equilibrium, thus producing an oscil-

lation back and forth over the position of equilibrium, the older

part of the curving portion being fixed at the two extremes of

position, thus producing the undulation observed. That a root

may become non-responsive to a water stream after it has

already given a rheotropic curve has been shown above. No
observations have shown that such a root may in the same
1 rent of water show a second response. If, however, a root
°>ay regain its sensitiveness or its ability to respond after losing
te same, we might expect the appearance of such an undulating
C0Urse in £r°wth as that just described.

[ To be concluded^

m



A DESCRIPTIVE LIST OF THE PLANTS COLLECTED

BY DR. F. E. BLAISDELL AT NOME CITY, ALASKA.

Alice Eastwood.

[Concludedfrom p. 213]

GENTIANACEAE.

133. Gentiana frigida Haenke. Jacq. Coll. 2:13. Ledeb.

Fl. Ross. 3: 65. DC. Prodr. 9: in.— Stems erect, glabrous,

i-i.5dm high: radical leaves linear, connate at base, i-nerved,

3-6cm long, 2-3mm wide; cauline leaves broad, I or 2 pair-

broader and shorter: flowers terminal, 1-3, sessile or on shor

peduncles, subtended by a pair of leaves : calyx about half a

long as the corolla, with the linear-lanceolate divisions shorter

than the tube : corolla funnelform, about 4
cm ^ng, whitish with

greenish-purple dots, the lobes short and broad, sinuate. H «

plaits broad.

Specimens too young for fruit.

134. Gentiana glauca F
pi. 93'• H-

1784-88. S
S.pl.

Stems
1/04-00. LiriseD. in jiook. ri. Dor.-m». ^o o, r' T/

from slender running rootstocks, glabrous throughout, erect'*c '

a

erally with two pairs of leaves, 6-1

5

cm high, terminated ^
few-flowered capitate cyme: leaves obovate to ova,

flnwprs subtended by a pwr o»

long, scabrous on the margins

:

invol

late, 7

ampa

-idie, 7— long, with deltoid lobes 2""" long, i*^»»p ^
corolla 1 s

mm long, acuminate at base, with broadly
^^

obtuse lobes i.5mm long, the membranous sinus betwee

tamel

th
either truncate or tipped with a very short lobe:

unevenly inserted : ovary on a stipe of almost its own ^^
capsule exserted beyond the corolla when ripe: see « ^
with a transparent cellular coat which is winged at 2,

angles.

Type locality: " Kamtschatka" ex Ledeb. FI. Ross 3 - 66 -

[*n

284
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I am not at all sure that this is G. glauca. The foliage is apparently

bright green, the filaments are uneven, and the lobes in the sinus of the

corolla divisions scarcely apparent.

135. Gentiana propinqua Richards. App. Frankl. Journ. 734.

1823. Hook. Fl. Bor.-Am. 2 : 62. pi. 130.— Root apparently

annual; main stem slender, angled, glabrous 5-1

2

cm high, with

everal more slender and shorter stems or branches from the

axils of the radical leaves : leaves in a rosulate tuft at base,

narrowly obovate, i
cm long, 4

mm wide ; cauline leaves ovate,

sessile, scabrous on the margins, always with the long-peduncled

flowers in their axils: peduncles i-3cm long, slightly winged

especially under the flowers : calyx of two broad ovate-acumi-

nate divisions
5
mm long and 2mm broad, and two linear-lanceo-

!

ate divisions half as broad, scabrous on the margins : divisions

of the corolla entire, ovate-acuminate, as long as the swollen

tube; glands at base of tube small : stamens inserted below the

sinus, the reniform anthers exserted : capsule lanceolate in out-

hoe, sessile, 6mm long: seeds oval, brown, i
mm long, minutely

papillate.

Type locality: "Cumberland house to Bear lake, and Bear lake river."

campanulaceae.

»36. Campanula lasiocarpa Cham. Linnaea 4^39- l829-

Mens 2-icpi high, slender, sparingly leafy below, villous:

radlcal leaves lanceolate, narrowed to a petiole, dentate with

^note bristly teeth, usually curved ; stem leaves linear with

{o

C raarginal teeth longer : tube of calyx campanulate, half as

coHl

33 thC narrow
' acuminate divisions, laciniate-dentate :

a campanulate, blue, i $
mm long, 2cm broad, shortly acumi-

'M-nerved, with broad nerves.
5T* locality: ••

In collibus et montibus Unalascheae."

^.o

3

is
CVMPANULA unifloraL

- Sp. PI. 163. 1753. FL LaPP*

inea m
S Simple

' '"Aowered : radical leaves spatulate to

*cUmi
nCeolate-5-i5mm long: cauline leaves distant, linear-

'nate: flowers small, dark blue : corolla about twice as long
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as the subulate divisions of the calyx : tube and divisions of the

latter cinereous with white hairs : capsule clavate, 3
cm long.

Type range : "in alpibus Lapponicis.
t >

POLEMONIACEAE.

I38. POLEMONIUM ACUTIFLORUM Willd. ex Schult. SjSt

4 : 792. DC. Prodr. 9 : 318.— Stems erect from creeping scaly

rootstocks, 2-4dm high, glabrous except for the viscid pubescence

of the inflorescence : leaves few, those from the root somewhat

larger than the cauline leaves ; leaflets 9-24, opposite or alter

nate, oblong-lanceolate to ovate, mucronate, 3-1

5

mm long, decur-

rent on the winged rachis
;
petioles generally shorter than the

blades, winged, dilated and sheathing at base, the whole leaf

5-iocm long; stem leaves few and scattered, similar to the

radical leaves but smaller, with the petiole woolly-cihate, espe-

cially at base : flowers in a narrow thyrsus or panicle with t e

peduncles 6mm to 6cm long ; bracts usually trifoliate with linear

divisions, sessile and clasping; bractlets lanceolate or scale-li -e.

sometimes wanting : calyx campanulate, with the divisions a

half the entire length, in flower 4
mm

,
becoming io

mm tn age.

tube glandular-woolly, thin and membranous between "*"*

sions ; divisions of the calyx triangular-subulate, acute or ca

tipped, veiny: corolla rotate-campanulate, with tube very ^
and divisions obovate ; these blue, often darker at base.ciov •

acute or obtuse, with margin crisped or entire, ciliate, ^
8»m wide; tube with a hairy ring 3

mm from itS

aboUt

tufted at the base of the filaments :
filaments glabr0"^

t m\t

8mm long, one-third shorter than the corolla: style ^
longer : capsule as long as or sometimes longer than ^
of the calyx : seeds brown, linear-oblong, 4

mm lon£' ^j,
bod

of the seed chestnut-brown with yellow-brown wings

end.

aenfc*Type locality: "in Americae borealis plaga occidental! ( ^ >

In Ledebour Flora Rossica 3 : 84 this is given as a variety ^^ V0.

L. It was collected by Chamisso at Unalashka. Insula ba-n

^ [s e% L \mc*

montorium Espenbergii. Sinus Eschscholzii. Insula Chamisso
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We have no specimens of this for comparison and all the descriptions are

10 meager as to be quite unsatisfactory; but it is certainly near this if not

quite identical.

BORAGINACEAE.

139. Mertensia Alaskana, n. sp.— Stems erect, 2-4dm high,

leafy with erect leaves appressed to the lower stem, more spread-

ing on the upper, ribbed, glabrous : lower cauline leaves oblong-

lanceolate, acuminate, on broad margined petioles about the

length of the blade, together 3-8cm ; upper leaves sessile, ovate-

lanceolate, acuminate, 4-7cm long, revolute, with prominent

sins, strigose-pubescent on both surfaces, but more so on the

lower, with the short appressed bristles minutely pustulate at

fese: panicle generally of 3 branches, the lower one solitary,

the two upper dichotomous, 2-leaved at base and with a single

flower on a deflexed pedicel in the fork ;
peduncles glabrate,

M " long, naked to the racemose or again panicled flowers ;

bracts 2, opposite, I5mm long, lanceolate-attenuate; pedicels

^ut i« long, sparingly strigose-pubescent, spreading, erect or

Curved
: calyx divisions subulate, 2 mra long, glabrous on the

°uter surface, minutely hispid on the inner, with ciliate margins:

tube of corolla 5™ long, 3
mm broad ; limb campanulate, 7

mm long-

^ost i™ in diameter ; the rounded lobes 3
mm long, 4— wide

;

o'ds in the throat forming a yellow moniliform ring, those at the

J**

of the tube fleshy or bladder-like : stamens on broad margined

ments inserted below the throat ; the yellow, narrowly elliptical

k

rs almost
3
»»

long , together with half the filament exserted

J
m the throat but included in the limb : nutlets exceeding the

J :
Pectinately rugose-tuberculate on the dorsal surface and

7W strongly keeled and rugose on the ventral, loosely

y^T* the seed and firmly attached to the gynobase, very

* e; the scar of attachment near the base; the apices not
c
°nnivent.

Jml
iS in°1Uded by Dr - GraX u*der M. fianiculata Don., Syn. Fl. »:*>*•

***i» M*
l° Dr " E - L - Green* were identified by him as M. strigosa,

*» me tnt'
U does not a§ree wth the description of his plant and seems

^ tobc
^described.
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140. Myosotis sylvatica alpestris Koch. — M. alpestrts

Schmidt, Lehm. Asper. 86.— Caudex branched, from woodj

rootstocks: stem leafy, simple below the panicle, io-i8cm high

with loose hirsute pubescence : radical leaves oblong-lanceo-

late, tapering to petioles equaling or longer than the blades,

together 2.5-6.5 cm long, 5-iomra wide, hirsute and ciliate, obtuse

cauline leaves narrower, oblong, sessile, l-3cm loI1g : P^uncles

slender, flowers at first close together, later becoming 3
cm apart

pedicels becoming twice as long as the calyx :
sepals subulate,

2mm long, white-hirsute: corolla blue, salverform, with tube

equaling or surpassing the calyx ; limb longer than the tube

with sub-orbicular lobes 2.5*™ broad ; folds in the throat bilobed

appendages at base 10, globular : stamens inserted on short (la-

ments below the folds; the yellow, elliptical anthers protrudir-

from the throat: nutlets not all maturing, erect, very gtossj

attached at the base ; scar round ; apices somewhat spreading,

margined and somewhat keeled on the inner side near

apex

Myosdi
The specimens at hand vary considerably in size.

141. Omphalodes nana Gray Syn. Fl. Suppl. 423-

aretioides Cham. Linnaea 4 : 443- 1829.— Low, depresse -ce^

tose, forming dense mats with tufted branches to the cau^

leaves sessile, imbricated, forming rosettes, densely white-vi^

^
oblong-elliptical, about 3

mm long: peduncles immerse^i^

leaves, flowers as if sessile: calyx with oblong acute l

^e(
extending to near the base, i.5

mm long, surpassing t e

^ ^
the corolla : nutlets with a toothed or spinulose bor e

back - m
nrecedente,

™e''

Type locality: "Ad sinum St. Laurentii mixtim cum y^ cbam;sso.

oraque specimina in insula Sancti Laurentii 1817 colleges.

SCROPHULAR1ACEAE.
c c Nat. ^0S

142. Pedicularis capitata Adans. Mem. ^>° '

mS scapose

5 : 100.— Perennial from slender running roots :

s en^ ^
or with 1 or 2 leaves below the inflorescence,

pu ^ |0

white-woolly hairs: radical leaves on long Pe
tiole^
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cm

twice the length of the blades; these pinnately divided with

egments opposite or alternate, ovate, incisely lobed ;
stem leaves

similar but on shorter petioles : flowers capitate ;
bracts sessile,

with oblong, crenate divisions, surpassing the calyx: calyx

v ollv-pubescent, about as long as the tube of the corolla,

enlarging somewhat in age : corolla about 3

long; lower lip erect, with the lobes not

preading, orbicular, crenulate, woolly-pubes-

cent to the insertion of the stamens, gibbous

below the throat ; upper lip arching, truncate

at tip, about
5
mm broad, apparently yellowish-

white tinged with rose-color; tube i
cm long:

filaments villous at base, inserted i.5
mm above _.

6_ Pedicu .

the base, flat with a central rib ; anthers pur- laris CaPitata.
a, co

phsh, the margins and sagittate bases white: rolla; £, calyx

ovary conical,

Nat.

with style 4cm long; stigma size.

capitate
: capsule oblique at apex, beaked on one side, exserted

from th e calyx.

I 43- Pedicularis sp.—This is closely related to the preced-

ln
g. but as there is only one specimen and that not good '

I hesi-

tate to name it as a distinct species The

difference in the shape of the flowers can be

seen from the figures. It differs from P-

capitata in the shape of the bracts, calyx,

corolla, and in the glabrous filaments.

144. Pedicularis hians, n. sp Root slen-

der, woody, branching 1
cm below the stem:

us

Fir,.
7- "I'edicv.-

f*
s
P- «. corolla;

*,£ai>*- Nat. size.

stems i-several, 10-1 s
cm high, purple, glabro

and shining below, becoming woolly-pubescent

above, clothed at base with brown, imbricated,

ovate scales; radical leaves on very slender

petioles 2-3 times the length of the pm-

*
blades

. glabrous with few very (2
mm long)

rh^-
CaUline leaves 2~ 2 -5

cm —©

.J twice as broad as the deltoid, entire or dentate, tooth-

e ^smns which extend almost or quite to the base of the

long with broad, linear-lanceolate
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leaf, glabrous except for a few woolly hairs : bracts similar to

the cauline leaves, the lower ones surpassing the flower*

flowers capitate, becoming racemose-spicate, on short erect pedi-

cels appressed to the stem : calyx of 5 divisions, the upper one

keeled, the 2 lower with the notch between deeper than the

others, the 2 side lobes tipped with a crenate-

dentate apex slightly woolly-pubescent

corolla purple with exserted tube, falcately

curved galea with the tip blunt and a setace-

ously acuminate tooth below the apex ;
lower

lip 3-lobed, with orbicular lobes, the middle

one smallest, crenate on the margins; throat

hairy within, the hairs extending to the tube

below : filaments woolly at base and below

the anthers ; these reddish, tipped with white

at the sagittate base : capsule oblique, lanceo-

late, twice as long as the calyx, cuspidate a

apex ; style and white tips of anthers exserted.

This is near P. Sudetica Willd., but differs in the shape of the corolla and

Fig. 8.— Pedicu-

laris hians. X 2%.

the form of the leaves.

StenM5- Pedicularis hirsuta L. Sp. PI. 609. 1753-

-r stout, about i.5dm high, clothed at base with the sheath-

tng brown petioles of former leaves : radical

rath

broad, divisions numer-leaves with rhachis
ous, linear, dentate, glabrous, entire leaf 5

wide, and together with

mm

divi

erect

the petiole $-7™ long;

cauline leaves with much broader rhachis and

isions smaller, resembling the snout of a

sword-fish, lanate at the dilated bases : inflo-

rescence racemose-spicate, villous-lanate. with

pedicels about equaling the calyx : calyx

campanulate, dentate, ribbed, lanate at apex, 4
long

: corolla with tube a little longer than tne

galea (8™m ), exserted from the calyx; galea
^

about
5
- long, erect, arched, obtuse at apex ;

lower up^

the lobes almost equal, the middle one concave, eroselv

mm Fig. 9
ptodi

cularis
birsuta-

th
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on the margin, glabrous within ; stamens with 2 filaments gla-

brous and 2 woolly-pubescent ; anthers white, blotched and

dotted with brown on the middle : capsule twice as long as the

calyx, beaked on one side.

Type range :
" in Lapponiae Alpibus."

146. Pedicularis Langsdorffii Fisch. in Stev. Monogr. in

Mem. Soc. Mosc. 6:49. pi. g. fig. 2. excl. var. b.— Stems low,

rather stout, 8-1 ocm high, clothed at base with broad ovate

cales: radical leaves with petioles equaling the blades, together

4-#* (generally there are some smaller and shorter leaves on

ery short petioles), pinnatifid with oblong-deltoid divisions,

confluent, crenate-dentate near the apex ; cauline leaves with the

lobes deltoid and generally entire : flowers spicate, but on short

apprcssed pedicels: calyx narrow, i
cm long, 2-3°"° wide, con-

spicuously ribbed, with divisions unequal, linear, foliaceous.some

or a11 "enate near the apex, 3-4""" long : corolla with tube about

equaling the galea, exserted from the calyx ;
galea curved but

Bot falcate, obtuse at apex ; lower lip with middle lobe much
sn»aller than the other two : stamens with two filaments woolly
aild two glabrous : capsule not formed.

T
>
rpe locality: "in Sibiria Arctica circa ostia Lenae." " Kamtscbatka,

exLed<*-Fl. Ross. 3:288.

to h

47 ' PEDICULARIS lanata Willd. ex Stev. 1. c. 1823.—Similar

yl
precedil% but the leaves have the divisions more finely

° d and so appear more dissected, the spike is densely lanate

the flowers are smaller: calyx about 5
mm long, with obtuse

^
lre divisions half the entire length : corolla with tube equaling

e galea;
l0Wer lip prominently ridged on the upper surface.

e «eneral form of these two species is the same, the filaments of the

*™8 more densely woolly.

I
!

48
'
Pediculakis Sudetica Willd. Sp. PI. 3:209. no. 1$.

heath

! ~SeVeral fr°m the root
'

clothed at baSC Wkh br°Wn
s glabrous to near the inflorescence, sparsely leaved:

ft

tifid J?""
on broad petioles, longer than the blades, pinna

lth
^visions linear-oblong, incisely toothed, with white
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cartilaginous teeth 3~4mm long ; cauline leaves similar but ses-

sile
: bracts like the leaves or simple with incised or crenate

margins, linear in outline, longer than the calyx: flowers on

short pedicels, crowded on a capitate spike that lengthens some

with age, woolly-pubescent : calyx shorter than the tube of the

corolla, with linear divisions 3
mm long, acute,

about half as long as the purple, glabrou

tube : corolla purple ; lower lip with 3 or! •

ular spreading lobes, the middle one long-

est but narrowest, erose-crenulate; galea

arching a little, longer than the lower lip,

with 2 teeth at tip: filaments glabrous: cap-

sule oblique at apex, beaked on one side

exserted from the calyx about 2
mm

Type range : "in montibus Sudetis inque Sibma

PL 608. 1753.—Stems several from a tnio

root, 10-
1

5cm high( reddish, woolly-pubescent, leafy with oppo-

site or whorled leaves : leaves petioled, pinnately divided, the

oblong divisions with white cartilaginous teeth : flowers purplish,

in interrupted, bracteate, whorled spikes: calyx shorter than the

tube of the corolla, woolly, veiny, dentate: corolla with galea

erect, scarcely arched, with blunt tip, spreading from t e

3-lobed lower lip which is longer and several times broader,

capsule ovate-acuminate, i
cm long, much exserted.

Type range : «« in Sibiria, Helvetia, Austria.
It

^^*s
slender, with small, opposite, ovate leaves, entire or s

denticulate: flowers small, purplish-blue, in an oblong or cp

v

tate spike : fruit emarginate.

Th
and 'tK

upper part of the stem. It is apparently abundant.
rtedbe*^

In the figure referred to above, the stamens and style are esse

^^^
the corolla, but in all the specimens at hand they are shorter than^ ^^ ^
It seems more like the variety figured in the Bot. Mag. pi- *973

WormskioldiL
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SELAGINACEAE.

151. Lagotis glauca J. Gaertn. Nov. Comm. Petrop. 14:

33. 1770. Gymnandra Stelleri Ch. & Schl. (1827).— Leaves

mostly radical, those on the stem bract-like: fruit 2-celled, as

in the Scrophulariaceae, but each cell with but one seed: calyx

pathe-like: corolla blue, tubular-bilabiate; upper lip entire,

lower 2-cleft: stamens 2, inserted in the throat of the corolla,

not equaling the style, which is capped with a capitate stigma.

Type localities :
" in Siberia inter Lenam et Oceanum (Steller) nos in

idissimis rupestris ad sinum St. Laurentii collegimus." Chamisso.

This rarely collected plant has the appearance of Synthyris.

LENTIBULARIACEAE.

152. Pinguicula arctica, n. sp.— Leaves rosulate, glabrous,

apparently fleshy, broadly ovate, sessile, obtuse, i-2cm long,

-8"* wide: scape purple, glabrous below, glandular-pubescent

1

ion

*tove, i-flowered, y
cm high: calyx 2-lipped ; upper lip of 3

deltoid divisions half as long as the lip, the sinus acute ;
lower

T> narrower, with 3 shorter teeth and obtuse sinus one-third as

gas the division: corolla purple, n mm long, hairy within,

*Uh cluD-shaped hairs that extend to the lobes of the upper lip;

)bes
3, orbicular, 4

mm across ; lower lip of 2 similar but shorter

s; sPur slender, tapering, v
mm long: stamens 2, with fila-

Hlenls Mated at base, nearly 2mm long, surmounted by capitate

"*k»: ovary orbicular, glabrous; stigma of 2 white broad
piates

-
thjn in texture.

Thi 5

*ape

aPPears to be near P. vulgaris, but the corolla is of a different

hairy within, while the spur is longer.

RUBIACEAE.

twi GAUUM bore^e L. Sp. PI. 108. i 75 3.-This
is found

ugnout the northern hemisohere. The leaves are in whorls» UU[ me northern hemisphere.
4, the tiny white flowers in loose thyrsiform panicles, and

* fru*s densely hispid.

§e: "in Europae borealis pratis."
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CAPKIFOLIACEAE.

154. Linnaea borealis L. Sp. PI. 631. 1 753-—The beautiful

twin-flower is found throughout the northern hemisphere at high

latitudes and in the mountains at subalpine elevations.

Type range :
" in Sueciae, Sibiriae, Helvetiae, Canadae sylvis antiqua,

muscosis, sterilibus, umbrosis."

VALERIANACEAE.

155. Valeriana capitata Pall. Link. Jahrb. V:66. Ledeb.

Ic. FT. Ross. f>l. j46.— Stems simple, i8-30cm high: lowest stem

leaves suborbicular, on broad connate-clasping petioles as Ion-

as the blade, together i-2cm long; second pair of leaves

unequally and broadly ovate, 2.5
cm long, on similar petioles $

long, obscurely denticulate; third pair ovate-acuminate, wit

narrow lanceolate-acuminate lobes at the sessile base, these lobe

one-fifth the length of the main division ;
nodes hirsute

:

inflo-

rescence capitate-glomerate
;
peduncles long, sometimes wit two

slender branches ; involucral leaves of narrowly linear to a mos

filiform divisions ; bracts of the cyme narrowly linear-subulate^

corolla white tinged with rose, funnelform, 6-7™ long, one to

broader than the other three, tube slightly saccate at **

stamens 3, together with the 3-lobed styles exserted: a -en

ovate, 3
fflm long, 1 -nerved on one side, 3-nerved on the ot er.

Type locality: " mont. sabinensibus."

COMPOSITAE.

156. Achillea Millefolium L. Sp. PL 899- l753
*r~

natjfid,

erect, 1-3^ high, simple or branched above: leaves bP*77^
with the segments pinnately-parted into fine setaceous "

,« loner, c-io- wide, the lower^,, 41J vuiuuv, 4-y i"»6, o -~
entire Pia,u

short petioles dilated at base, the upper sessile
:

tne
^ ^^

white-villous, most densely so at the leaf axils :

heads in^ ^
compound cyme, often with later branches below ^
cluster ; bracts of the involucre in 3 series, in succeSS1X

ate oUtc

the linear inner ones narrower and longer than the ^^
ones, each with the midrib green, keeled, and the or <

t
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mmhyaline: rays white, oblong-orbicular, entire 3
mm long 2.5

wide.

Type range: "in Europae pascuis pratisque."

157. Antennaria alpina Gaertn. Fruct. 2:410.//. 167.

1791.— Heads solitary, with campanulate involucre tomentose at

base, above black-brown : involucral scales of the male plant

obtuse, denticulate at apex, often emarginate ; those of the

female plant acuminate: upper leaves terminated by a scarious

appendage, the lower mucronate.

agrees perfectly with the description of Lessing in Linnaea 6:221.

158. Aster arcticus, n. sp.—Stems low from a slender creep-

«ig rootstock, striate, villous below, becoming lanate under the

solitary head, leafy, i-i.5dm high: lowest leaves linear-oblong
to narrowly elliptical, sessile, mucronate ; upper ones lanceolate,

acuminate, short-petiolate, sharply serrate: pubescence on the

°*er surface rough, appressed
; glabrous on the upper : head

This

mm

n
g» l ~2mm wide

: disk corollas purple, glabrous : stamens yellow

:

?* with the appendages hairy at the tips : akenes white-hispid :

PWs tawny or the outer purplish.
TV

<kscrih!-

IS nCar ASter i>rereSinus Pursh, none of the synonyms of which
* ,l

- On sand bars of Nome river.

LeaI!
9

'

,

Arnica obtusifolia Less. Linnaea 6: 236. 1831.

broad base
callousd f 7 '

ODiong- tapering to a uiu.u
aenticulate and tipped with a callous point, 3-veined from

ten
with a shorter vein on each side

mm wide ,
glabrous except for the

ciiiate
5 g ' 5

~ l °mm w
• glabrous excePr ror u,c

almost ^t
1^105 : heads solitary» terminating long penduncles,

*neeo]

2 h 'gh
'
Wool,y-pubescent : involucral bracts in 2 series,

%es
1
1-!',
^ °Uter PurPHsh, broader than the green, inner

3 * mu g " rays I0
- 3-toothed at apex, ligulate, I5

mm IonS'
3 ;*

wid
g: ra>"s I0

' 3-toothed at apex, ligulate, I5
mn

arollas

* Jh
Stamens with black anthers: akenes glabrous

With tube hairy and limb glabrous.
•f* locality? it_,„ ... ..

6

: disk
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160. Artemisia Norvegica Fries, var. Pacifica Gray Svn

Fl. N. Am. 1 : 371.— Stems erect, about 3
dm high, glabrous below

villous above : leaves pinnatifid with the divisions incised, the

upper 3 confluent, the lowest smallest
;
petiole of basal leave*

equaling the blade, clasping at base ; cauline leaves sessile with

simpler divisions: heads racemose-paniculate, on long slender

peduncles, somewhat secund, nodding at summit: involucral

bracts glabrous, dark green margined with brownish-purple,

scarious and erose on the margins : disk flowers with perfect

akenes.

While this does not agree exactly with the description of the above cited

variety it seems best to leave it under that name.

161. Artemisia Tilesii Ledeb. Mem. Acad. St. Peter^b.

6:568, ex Linnaea 6:214. 183 1
.— Stems erect, 3-4-5 nl£

striate, somewhat tomentose : leaves pinnately parted into 3

linear-attenuate divisions, the top one much the longest, denser

white-tomentose on the lower surface, less so on the upper-

bracts linear-attenuate, sometimes with 1 or 2 narrow divisions

near the base: heads .nodding on erect pedicels in a narrow

spiciform thyrsus, more loosely flowered below and taking up

half the length of the plant : bracts of the involucre with the

middle part greenish, villous, the margin violet-brown, eros

corolla purple or yellow, with glandular tube.

162. Chrysanthemum integrifolium Richards App- ra
*

Journ. ed. 2, p. 33. 1823. Leucanthemum integrifolmm DC

6:46. 1837.— Stems low, scapose, terminated by a solitary ea^

2.5
cm

in diameter, white-villous, about 8
cm high: leaves ros»u~

linear, obtuse, entire, i-nerved, l
cm long: involucral bracts gr*

in the middle and hairy, brown-scarious and erose on the m

acuminate, 4
mm long : rays white, ligulate, obtuse or emar

|'
hout

at apex, 9
mm long, 2mm broad : akenes small, glabrous.,

W^
F, Lapp.

163. Erigeron uniflorus L. Sp. PI. 864- J 753- ^ ^
Pl - 9- fig.3—Stems about 7

dm high, slender, vin°US

J^£ Unear

white hairs : radical leaves spatulate-oblanceolate ;

J^
u

'

tfr

villous
; the lower ones glabrate : head solitary, 1-5
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olucral bracts linear-attenuate, densely clothed with purple

woolly hairs, 5
mm long, very narrow : rays purple, filiform, about

Mmm
5

mit: pappus barbellate, white: akenes hispid with spreading

ha; rs.

low

Type range :
" in Alpibus Lapponiae, Helvetiae."

164. Petasites frigida Fries. Syll. 20. 1854-55. Tussilago

frigida L. Sp. PI. 865. 1753.— Leaves deltoid-ovate, deeply

cordate at base, irregularly and deeply sinuate-dentate or

lobed, the teeth callous-tipped ; upper surface almost glabrous,

>er white tomentose
; petioles equaling or longer than the

leaves, together 8cm long : bracts of the flowering stem sheathing,

scarious, sometimes foliaceous at apex: female plants with heads

« corymbs; bracts of the involucre i
cm long, subulate, a few

near calyculate bractlets at base : akenes linear, glabrous,

obtusely ribbed, with loose outer coat: pappus i.5
cm long. ,

Type range: "in Alpium Lapponiae. Helvetiae, Sibiriae, convallibus."

"65. Saussukea alpina DC. Prodr. 6:535. Serratula alpina

L
- ^P- PL 816. 1753.— Stems simple, 5

cm to i.5
dm high, ribbed,

^elyarachnoid-tomentose
: leaves lanceolate, narrowed at base,

strongly
1 -nerved, loosely tomentose, with margins entire or

Solute: heads 1-5; involucral bracts in 4 series, ovate, the

„ SUCCessively shorter, purple, glandular-hairy; involucre

5 hlgh: rays none: akenes black, glabrous, with plumose

**PPus: receptacle with slender chaffy scales among the

uter

w«s: corolla with linear divisions to the border, almost

^H the tube, rose-color.

JPe range
: - in Alpibus Lapponiae, Austriae, Helvetiae, Arvoniae,

<*t.

%
K ;

ch H

bENEC1° FRIGIDUS Less. Linnaea 6:239. Cinerariafrigt

Stem
(l82

3)- Hook. FL Bor.-Am. 1:334. & II2 -
l84°-

*ith D

SImple
'
2 "flowered

» I2-I5cm high, glabrous below, clothed

0nm
t0Wn floccose wool above : radical leaves oblong, dentate,

*it!iV I
nearly twice as lons as the blade

;
lower stem leaves

r°adl>' dilated clasping petioles ; upper stem leaves sessile
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by a clasping base, sparingly floccose-tomentose, few and dimin-

ishing upwards : heads large, terminal, solitary, almost 3
cm

in

diameter ; involucral bracts densely clothed with brown wool,

linear-oblong, acute, 6mm long: rays about 14* oblong, 3-

toothed ; disk corollas with campanulate limb, the slender tube

longer than the pappus : akenes striate, glabrous.

This may be another species, as it differs in the shape of the disk

corollas. The limb in this is more abruptly contracted at base to a more

slender and longer tube. In all other respects the two seem identical.

167. Senecio lugens Hook., var. Blaisdellii, n. van— Stei

simple, i.5~2dm high, tomentose : radical leaves lanceolate-

oblong, narrowed to a sessile base, denticulate, about f
m long,

i
cm wide (the earliest ones spatulate, much shorter and broader);

cauline mostly near the base, narrowly acuminate, dentate

below the middle ; upper part of stem generally leafless to the

inflorescence which is subtended by 1 or 2 leaves :
head cymose,

3-5-flowered; pedicels more or less tomentose, the middle one

generally half as long as the others ; bracts of the inflorescence

narrowly linear, black-tipped; involucre campanulate, mtha

few calyculate bractlets at base ; scales oblong, acute, n

tipped with dark purple, 5
mm long: rays linear-oblong, 6

mm or

3-4-veined, obtuse or denticulate at apex : style tips truncal

tufted : akenes glabrous, striate.

This is much smaller in all its parts than the typical form as figw*

Hooker, and has fewer heads.

168. Senecio resedifolius Less. Linnaea 6 :
243-

Stems 1-2 from the base, 6-iOcm high: lowest leaves or «<*

j
crenate-dentate to Iyrate-pinnatifid, on broad petioles I

^
base, glabrous or slightly tomentose : upper leaves

sessile, narrowed to a slender acumination :
hea s so

_

terminating the stem: bracts of the involucre reddlS

b

'
P

ut v
narrowly linear, obtuse or pointed, 5

mra long :

J*^.
*.

°

akene

orange, 2-3-toothed or cleft, I2mm long, i.5
mm W1

.J branChe

glabrous (very young), with barbellulate pappus :
st) t

tipped with a cusp surrounded by a tuft of hairs.

Type locality: " In sinu St. Laurentii.
ir

14
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169. Solidago multiradiata Ait. Hort. Kew. 3 : 218. 1789.

ems erect, generally several from a woody rootstock, 2
dm

high: radical and lowest stem leaves lanceolate-oblong, narrowed
to margined petioles, equaling or much exceeding the blades in

gth, together 2-1

3

cm long, 5-10°"" wide, entire or serrate near
he apex, veiny, white-woolly-ciliate especially on the peti-

oles; stem leaves sessile : heads in a round or oblong glomerule,
often with some looser and smaller clusters in the axils below :

mvolucral bracts narrowly linear-acuminate, 4
mm long, ciliate :

rays about 15, narrowly linear, 3-4mm long : akenes pubescent.
Tvpe locality: " Labrador."

1 70. Taraxacum officinale lividum Koch, ex Gray Syn. Fl.

*• 440.--Low, acaulescent, glabrous: leaves lyrate-pinnatifid,
Wlt

.L
Petl0ieS exceeding the blades, together 2-5"° long : scape

5-7°" long
:
involucral bracts turning black in drying ; outer

j**s ovate, obtuse, slightly ciliate at the apex ; inner longer,
mear, with membranous margins : outer rays yellow, with black
»n white lines down the middle; inner ones clear yellow,
^ate, toothed at apex, almost i

cm long: heads about 2cm in

^ected
j*

l0Wlng Species
' not included among Dr. Blaisdell's collection, were

Xo«e kno
* Pr6Vi0US year hy Mr - George T. Ruddock at a place near Cape

^ntimTs B°
^ CamP Tellef : Ranunculus P*U*& Schlecht., Lathyrus

L-> Casmiei^
1

' Conioselinum Gmelini C. &. R., Androsace septentrionalis

Pall anri
? *>alltda Kunth, Mertensia maritima Don., Artemisia borealis

" Iar«*«cum Dens-leonis L. var.

CAUP0RNIA A^EMY OK SCKNCKS.
« Francisco.S



BRIEFER ARTICLES.

HABERLANDT'S NEW ORGAN ON CONOCEPHALUS.'

Professor Haberlandt's contribution to the Schwendener

Festschrift

which he arrives at conclusions of such great importance, if well founded,

that further discussion is certainly worth while. Let us begin with a

statement of the facts in the case, in which literal quotations are made

Festschrift,

j
leathery leaves. On its upper surface are some hundred " Scharf dif-

ferenzirte Epithem-Hydathoden mit Wasserspalten." " Bei keiner

anderen Pflanze war die nachtliche Wasserausscheidung seitens der

Hydathoden so constant und schon zu beobachten, wie bei der in Rede

stehenden Liane." In a concrete case, a leaf ejected 26 per cent, of

its own weight in water, in one night. When these hydathodes are

poisoned, with 1 percent, alcoholic corrosive sublimate, the excretion of

water ceases. The next morning the leaf is dry outside, but there

" Eine oft sehr weitgehende Injection der Durchluftungsraume w*

Wasser." The water gradually disappeared, with active transpiration

during the forenoon. This was repeated for three or four days: ten

there was a new response. " Auf den bepinselten Blatthalften entstan en

namlich zum Ersatze der vergifteten Hydathhoden ganz neue Wasser

ausscheidungsorgane von wesentlich anderem histologischen Bau un^

anderer entwicklunggeschichtlicher Herkunft, wie sie im norm

^ot

Entwicklungsgange der Pflanzen niemals auftreten." On subseqt
1

mornings, drops were found on these structures, and the interc

spaces were not injected. " Die neugebildeten Organe waren^
vollkommen im Stande, die getodteten Epithem-Hydathoden in 1

Funktion zu ersetzen."

' Haberlandt, G., Ueber experimentelle Hervorrufung eines neuen &^^
Conocephalus ovatus Tt6c. Bot. Untersuchungen S. Schwendener

dargebra

1899.

"Haberlandt, G., Ueber wassersecrnirende und-absorbirende
Organ .

Ak.Wiss.Wien.i:s
5 . l895 . ^

300
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The substitute hydathodes are formed only where trichorae clusters

have given place to colleters, and the cuticle has been elevated and

then split by mucilage. In their formation the tissue first concerned

s the parenchyma of the bundle sheath, which enlarges greatly, breaks

through the overlying tissues, and finally grows out into " Farblosen

Haaren, die pinselformig auseinander treten." The neighboring

palisade parenchyma may share in this formation. The excretion of

water is presumed to be, as in normal hydathodes, an active process.

N'achdera sie ungefahr eine Woche lang allnachtlich Wasser aus-

gesch After their death,

Wucherungen
m] and namentlich der darunter befindlichen Wassergewebsschicht

Wasserblasen
Haberlandt's argument from these data may be epitomized as

The substitute hydathodes are real organs, and not accidental

or purposeless results of injury to the .plant, because they

follows.

structures

occur

tural argument)

'cal argument). They are new organs because no similar structure is

nown on any part of Conocephalus or any related plant. Natural

selection cannot have produced them because the occasion for them

h

°? not arise ^ nature
; no known natural agent destroys the normal

J athodes, and they remove all the surplus water at the height of the

b

"!yseason
- And natural selection would have made the substitute

J
Rhodes reasonably permanent, instead of transitory. Summing up,

ar
' ,<Ein neues, zweckmassig gebautes und funktionirendes Organ

Anfe

Pl°tZlich
' ohne fruheres Vorbandensein einer rudimentaren

ngsbildung, ohne Vermittlunsx von sich allmahlich vervollkomm-
nenden

""

N'aturzt

kotn

und ohne die geringste Mitwirkung der

Bei der Erklarung des Zustande-

^ mens der geschilderten Ersatz-Organeversagt die Selectionstheorie

aad We^
11 ^^ Dienst " The inadequacy of the theories of Nageli

b„ta ?
Smann t0 explain completely the phenomenon is then shown ;

eia b|o

aU

,

SlbIe solution based on them is reached. " Wenn nun auch

aeuen 7 AnlaSenkomplex, eine eigene Determinante fur diesen

seio ^ }
'

PUS Von Hydathoden im Idioplasma unmoglich vorhanden

Element

11

'

d°

**** sichdoch wahrscheinlich machen,dass die einzelnen

Die Er~a! u
** Anlagenk<>mplexes im Idioplasma vertreten sind.

* Hydathoden bestehen in ihren wesentlichsten Theilen aus
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haarformigen Schlauchzellen, denen die Fahigkeit einseitiger Wasser

auspressung zukommt ; sie verhalten sich also wie Wurzelhaare, die ja

gleichfalls imdampfgesattigten Raume nichtselten die Fahigkeit besitzen,

kleine Wassertropfchen auszuscheiden. Nehmen wir nun an, dass in

den Zellkernen der Leitparenchym,Palissaden-und Wassergewebszellen,

die zu den Schlauchzellen der Ersatz-Hydathoden auswachsen, die

idioplasmatische Anlage zur Haarbildung in Kombination mit der

Anlage zu der eine einsitige Wasserauspressung ermoglichenden

Struktur der Plasmahaut in Aktion tritt-Anlagen die im Idioplasma

unserer Pflanze jedenfalls vertreten sind so erscheinen damit wenigstens

die wichtigsten Voraussetzungen fiir die Entstehung der Ersatz-

Hydathoden in der Struktur des Idioplasmas von vornherein gegeben.

If I have left any unclearness in Haberlandt's argument the fault

is mine; it is not in the original. From the point where the new

structure is recognized as a substitute hydathode, formed to relieve the

plant of its surplus water, there is no escaping the conclusion that the

theory of natural selection is inadequate and faulty. Nor is this all.

Haberlandt concludes : "Ob man aber mit Rucksicht darauf, dass jene

Entwicklungsvorgange zur Entstehung eines zweckmassig gebauten un

funktionirenden Organes fuhren, welches ganz ausserhalb des Bereic es

der Naturzuchtung liegt, das Walten einer 'Entwicklungsintellige^

annehmen soil, das zu entscheiden ist Sache des rein subjekti

Ermessens und Bedurfnisses jedes einzelnen. Die Naturforschung *

mit derlei metaphysischen Weiterungen nichts zu thun." But i

follow Haberlandt as far as he leads, we must balk sheer, or take^t

^
only remaining step of accepting the evidence of a design,

surely as teleology is the natural enemy of modern **********
m

concern of scientists whether or not they furnish materia ^
exponents. It seems to me that if Haberlandt's data admit of an *

pretation freer from teleology, and otherwise more in harmon> ^
the behavior of other plants, the more commonplace interpr

will commend itself.
strU ,

Haberlandt's dictum that in judging the character of a ne*

enheit

ture, " Nicht bloss die histologische und physiologische Besc a^^
der sie aufbauenden Elemente, sondern ebenso sehr auch die

J

^ ^
Kombination dieser Elemente in Betracht kommt," is a e P^.^.

clearest view of it only when the function does not foll°*
rs€ iB

from the structure, and when the units of structure are ^^
development. But when the performance of the fnnctto

?en

And as

i
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obviously from the structure, and when all structural units are evidently

formed in response to a common stimulus by a similar course of

growth, then the introduction of the combination of elements as a

feature distinct from the elements themselves is superfluous and cum-

brous. In this case all the structural elements are similar hair-

shaped cells, as stated in two quotations above ; that the stimulus to

the formation of them all was the excess of water hardly admits of

question. Formed from the original cells which do give rise to them,

any essentially different arrangement or combination of these elements

from that occurring is not conceivable. That is, the existing combi-

nation of the histological elements follows from their origin. The
intimate connection of the histological and physiological features is

constantly emphasized by Haberlandt ; his whole argument involves

this, the" Zweckmassigkeit" of the structure. It is possible that the

ction of the substitute hydathode follows from its structure even more
intimately than Haberlandt explains. There is nothing difficult to

k'ieve in his supposition that the excretion of water is active on the part

<> ^e cells.3 Such one-sided activity may be manifested in the endo-
eraus or other cells which force water into the xylem of all plants in

* 'ch there is root pressure. And it would be only an assumption of

power of the epithem, analogous to many familiar correlations.

«even this use of normally dormant determinants is not altogether
necessary. Haberlandt says, " Auch eine passive Druckfiltration durch
je ebenden Zellen der Ersatz-Hydathode ist nicht anzunehmen, da

J*

t einzusehen ware, weshalb durch die turgeszirenden Hydatho-

de lT"
daS Wasser leichter durchgepresst werden sollte, als durch

ebenden Parenchymscheiden der Gefassbundel." Very thin walls

nnder

Pr0t°PlaSmiC linin&s inside them would suSSest easy
filtration

ffienf

PrCSSUre
»
these are characters of the oedemata of tomato to be

Con
^°

ned Presently, and presumably of the structures in question on

_ephaluS
. More important than visible difference in the struc-

!s difference in the turgor. As I have repeatedly shown,* the

rapidly
cells grow, the less their turgor becomes. In the hyper-

tiire

more

CelIs ot the substitute hydathode there must be a very much
^phied
jAteA , .__ _

Mrosuu°
tlC PreSSUre than in tne cells from which the>

T

SreW>
ThC

10 Pressure in the tracheides at night exerts an equal force to

lRg
'
What is °Pen to suspicion, that normal hydathodes act in this way.

I

*tj 1
-j~m» iu suspicion, tnai normal iiyuaiuuuto •*%-* - -

|£
r e^ EinBuss von Licht und Temperatur auf den Turgor. Halle a, S.
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drive water through the bundle sheath into the intercellular space

and through the substitute hydathode into the free air ; but the pres-

sure thus exerted is much less in proportion to the osmotic pressure

to which the protoplasm is accustomed in the bundle sheath. It

might be anticipated then that through the substitute hydathode.

where the excess pressure is relatively great, the water would escape.

After what has been said, I think it will be agreed that, given the

structure of the substitute hydathodes as it is, there is nothing very

surprising or remarkable in their behavior. It remains, then, to show

that the structure is essentially similar to such as the same condition

produces in many plants. The condition is excess of moisture. The

chief characteristic of the structure is great hypertrophy of a group of

cells.

Two years before Haberlandt first published his account, a paper

appeared by Atkinson s on oedema of the tomato. When tomato beds

in the forcing house were warmed so that root pressure furnished water

faster than it transpired, or when water was forced into branches b}

connection with a faucet, these oedemata were developed. In my

laboratory, Mr. T. C. Johnson caused their formation readily by

ing water into cut branches under a moderate head of mercury,

observations agreed entirely with Atkinson's, whom I therefore quote:

"The epidermal cells were very much enlarged, while the chlorophyll

bearing cells just beneath, as well as some of the more deeply seated

cells, were greatly elongated in a radial direction, and strongly clavate

at their outer extremity where this extended beyond the lateral pres-

sure from adjacent tissue. In many cases the epidermal cells quick!}

separate and slough off. The cells of the affected areas possess exceed-

ingly delicate walls, so that with little disturbance they would collapse

There was little protoplasm in proportion to the size of the cell an a

corresponding amount of cell sap." " The increase in the number o

cells in such cases," i. e., when there is an increase, " occurs simp 7^

the formation of transverse walls in the elongated cells." Later
'

son speaks of " stretching of groups of cells to eight to ten times t

normal size." The oedemata appear on the veins of the lower sur
^

of the leaf blade (rarely on the upper surface), on the midr.b, pe •

The

and stem. When
along the edges of the leaves, or elsewhere, if any injury anu

^

s Atkinson, G. F., Oedema of the tomato. Rep. Agr. Exp. Stat., Ithaca, -

l893, pp. 101-128.
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opportunity ; to some extent the intercellular spaces become charged.

In Atkinson's experiments the plants became wet ; it probably did

not occur to him to look for the extrusion of water from the sounder

oedemata. In our experiments, instituted to see if this took place,

the oedemata merely became wet when evaporation was prevented
;

drops of water were not excreted by them, however freely they might

be forced out along the margin of the leaf. Evidently, though water

can be forced through them, they are passive in the process, and the

water escapes the easier way. But Atkinson says that water is set free

by the collapse of hypertrophied cells :
" The changes brought about

by the escape of water from this and adjacent tissues during the

warmer parts of the day may be so profound as to cause the leaf to wilt

and die."

On the tomato then we have the same abnormal condition which

caused the formation of the substitutes hydathodes of Conocephalus,
producing structures which are like them in being formed on the

rans, and in being formed from a group of cells of various tissues,

whlch become tubular and segment below, and swell up at the free
*nA

' without doubt there are other details of resemblance— as in theend,

ton walls and scanty protoplasm. Unquestionably, the two structures

Ut homologous
; but on the tomato the oedemata excrete little water,

or the loss injures the plant. Their appearance is a pathological phe-

nomenon, whose cause is clear ; to seek to discover a purpose for them
WOuId be fatuous. Natural selection has provided the plant with
esponses to many frequently recurring pathological conditions. The
ancestors of Conocephalus were always liable to mechanical injuries,

? th°se whose wounds healed had in such cases an advantage ;
so

the finalnnal cutting off of the substitute hydathodes by a callus may be

l,
*d t0 natural selection. But such exigencies as the loss of the

^
abodes must have occurred to Conocephalus practically as rarely

J»rroslVe sublimate entered them. Of course, natural selection is

On grounds that we cannot yet eluci-

date well

sublim

eV6n in theory> the hydathode responds to the corrosive

}iV

3te b>' dying, and the leaf responds to the excess of water by the

irP

,

hy ° f §rouPs of cells - The relation of cause and effect is

should
thC details e(

lually mysterious, in the two cases. We
see a purpose in both or neither. If the " Ersatz- Hydathode

admit

•r

r tu^ 111 oorn or neitner. it tne " js.«»**-*m

•

c°nstniction as evidence of the reign of an " Entwicklungs-

Pect th
" the fatal action of corrosive sublimate must make us sus-

Pre^nce of a power of evil.
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Science cannot make a discrimination between the structures on

Conocephalus and tomato. Both must be regarded as oedemata, and

it is merely incidental that those of Conocephalus temporarily furnish

Haberthe easiest avenues for the escape of water under pressure.

landt tells us truly that drops of water can be forced out through root

hairs. That happens when the root is in the same condition as the

•

" onConocephalus leaves. It does not illustrate a " Zweckmassigkeit

the part of the root hairs. It does not entitle them to be regarded as

organs of excretion, emergency hydathodes. But there is only the

same ground for calling the Conocephalus oedemata " organs," when

they are of incidental temporary utility.

The position of the " substitute hydathodes," which Haberlandt

regards as a striking feature, has not been discussd. They must be

formed on the veins, because, as in the tomato, the water is most exce

sive there. And their appearance under old colleters is at the points

of least resistance, where the cuticle is „

have been partly softened. Atkinson says that oedemata on t^e

tomato stem are formed in places where there are already large

and " their walls are less resistant." If the oedema cells are eve^

more slender in Conocephalus, as the figures would indicate, it isw

wa

ceils

instance
should be anticipated from the firmer texture of the leaf.

The tomato has so far been used alone to furnish an< ^
parallel to that of Conocephalus, because it has been well wor-e^

^
and is an especially easy subject for such experiments.

ere

^
numerous other known illustrations. Haberlandt mentions ^^
that Sorauer describes " Pathologische Veranderungen der ^^
verschiedener Pflanzen, welche mit dem Bau der Ersatz-Hy a

u •+ " After rem**'
von Conocephalus eine gewisse Aehnlichkeit besitzen. ^ ^
ing the absence of proof that these structures are caused J * ^

water (which proof has been given for the tomato), Haber^^^
that they may be " Analoge Erscheinungen . . • •

unv0
unyer

.

Ansatze zu einer Selbstregulation, die bei unserer Pflanze gan

mittelt in so vollkomrnener Weise sich einstellt." ^ leavCS,

Excessive moisture acts in the same way elsewhere ^ .^

Atkinson 6 describes an oedema on apple branches, re ^^
excessive pruning and subsequent congestion Wlth

*rd (cited *>?

appearance on tomato stems has been mentioned.
v

[thaca.

I

l893- pp. 305-307-
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tares

ukinson) has reported them on potato stems. Devaux 7 describes

oedemata on potato tubers kept saturated ; they naturally appeared

where the resistance to their growth was least— at the lenticels.

Tubeuf 8
has reported what is doubtless the same result of excessive

isture on trees. They may also occur on roots in water.9 Von

Mohl
lc

describes such structures formed under the influence of mois-

ture from the lenticels and cortical parenchyma of Salix viminalis

branches.

In plants whose normal habitat is wet, there has been an oppor-

tunity for natural selection to develop and utilize the excessive growth

of the cells under the influence of water; and the utilization has been

m several ways. The most common of these adaptations is aeren-

chyma,"- ° The oedemata of the lenticels of stems serve to connect

perfectly the normal aerenchyma of water plants with the oedemata of

teases. It is a matter for individual judgment when it should be

yarded as in the nature of a disease, and when as a normal structure.

Even in water plants (Goebel et al.) its formation depends on the

ire and can be artificially regulated. It is not unusual for struc-

pathological in one plant to be normal in another. But no

«nicture can be regarded as normal on a plant where it occurs too

rarely for it to be subject to development by natural selection.

Goebel seems entirely justified in deriving the excessively light and
^ous tissue of Aeschynomene and.other plants in water from aeren-

y^a. In these this tissue serves as a float. It is formed in the leaf

"manthus {Neptunia) nutans, the petiole of the water hyacinth

'
iCfanornia), the stem of Nesaea* and the root of Sesbania.'* The

*&es Dkm
CX

'
H " HyPertr°phie des lenticelles chez la pomme de terre et quelqnes

<"""»• B. S. B. France. 38:48-50.1891.

*» Fom
L

v
C V-

' Ueber Lenticeilen-VVucherungeu (Aerenchym) an Holzgewach-

• •.Naturw.Zeits. 405-414. 1898; Rev. in Bot. Centralb. 77 : 3&9-
^\T* If n

f S
'
H

' V'' °edema in roots of Salix nigra. Bot. Gaz. 24: 52- l897-

tt
^- Schriften 2S9-332- Flora, 1832.

^Pfawl*'
H
/' Ueber das Aerenchyma, ein dem Kork homologes Gewebe bei

P^«n. Jahrb.Wiss. Bot. 2o: 5 26-574. 1889.

****** Tsnt'
K" Pflanz^biologische Schilderungen II. 2. Die Wasserpnanzen.

**+*,!*%*' 2S6 S
- FiS- ^ is abnormal aerenchyma (oedema) in the lent.cel,

^ l6: 3»

E

5

N

i8s"'

°n thC fl°ating tissue of Nesam verticillata
-

Bulh TOn
"

BOt '

h
Annll's nf n

H
- aRd Wager

' H- On the floating roots of tetania aculeata

0t Botanyi: 307-314- 1888.

I

la
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water acts on as various tissues to form these floats as are hypertrophied

by it in oedemata.

I have not intended to cite any large part of the literature on th

subject. For a fuller review of it Sorauer's Pathology and the work of

Atkinson, Goebel, and Schenk referred to here should be consulted.

The cases cited here are sufficient to show that excessive moisture pro-

duces on various parts of a great many plants structures essentially

similar to those it causes on the leaf of Conocephalus.

A long list of cases similar to this is contained in a more recent

paper by Sorauer, 15 in which he comes to the same conclusion with

regard to Conocephalus that I have reached independently. Another

very recent piece of work is by Miss Dale.'
6 who finds that if other

conditions are suitable moisture stimulates the formation of "hyper-

trophied outgrowths of epidermal cells, beginning at a stoma;" some-

times the underlying cells are also influenced. Her description and

figure would fit almost perfectly for the raised stoma at the base of the

hypocotol of Lupinus (Bot. Gaz. 31 : 413)- From the fact that thC

same conditions of moisture which determine their development at

the base of the hypocotyl (where the environment is normally ven

moist, or the seed would not germinate) do not give rise to them else-

where on Lupinus, it seems likely that they are a product of natu^

selection and have a function —
with the air in or very near the ground. Miss Dale

that the Hibiscus intumescences are pathological, but then looks toM

function for them, suggesting that "they may be a sort of abnorm

organ for the direct excretion of water." But they do not seem

have been observed to excrete it. From her results with Hi ^
and Ipomoea, she suggests that the " Wasserblasen " of Haber an

subject occurred on the nether surface of the leaf because the storn^

are there.— Edwin Bingham Copeland, Hull Botanical Labor* *

Chicago. *

* Sorauer, P., Ueber Intumescenzen. Ber. Deutsch. Bot. Gesell. i7 : -»5

l899-
. **

ths or mtunw

.

,6 Dale, Elizabeth, Investigations on the abnormal outgrowi
.

j63
_,$

cences on Hibiscus vitifolius L. Phil. Trans. Roy. Soc. London. Bot. i94 •

1901
;
also a note in Bot. Centralb. 85 : 372-375- im-

probably the increase in gas exchange

*„„a Mi« Dale satisfies herself
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BOOK REVIEWS.

Agricultural bacteriology.

Within the last decade great activity has been shown in bacteriolog-

ical research along agricultural lines. The medical phase of the subject has

controlled the major part of investigation so long that it has escaped the

attention of many that in its other applications bacteriology is destined to

-xercise an important influence. Professor Conn has certainly performed an

portant service by bringing together in popular form the results of these

aaraerous investigations that bear on the different phases of agriculture. A
F*^! of these pages will indicate that the subject of agricultural bacteriol-

*$? is indeed a broad one.
part I includes a summary statement as to the nature of bacteria, and

'ally as to the principles of fermentation, that process which is of such far

*Chln
8 lmPortance in agriculture. Part II embraces a discussion of soil

problems, as to the origin of soil and transformation which carbon and nitrogen

ergo as a result of bacterial activity. The action of bacteria in dairy pro-

p's considered in Part III, a phase of the subject which often receives

jP<*al treatment under the head of dairy bacteriology. The various technical

stations that occur in the formation of vinegar, tobacco curing, silage, and

2h^
ndUStr} COmPrise Part IV ; while the principles involved in the various

rf 4
f Prese™ng food products are discussed in Part V. The relation

Vl

$eaS
* bacteria as noted in maladies of farm animals is included in Part

are a
* T^" °f these Processes, the previously accepted view that bacteria

% theVd
°aUSe °f thC fermentative changes has been modified materially

«*rces P

°f enzyme action that must be ascribed to other than bacterial

*"*h th

SSor Conn has included a discussion of these researches, even

j^
their non-bactpHsl »,*«.- u„„ i a~ „*~.*-<l This broadens

**«*I reaT
" * pleasin

S' vigorous sty

alue. The

'

m b

adCr
;

At ^e end of each part a brief bibliography is appended
e hel Pful to students who wish fuller data as to the literature.- H.

^SSELL.

!

Conn

***on's s"'
W

'' A8ricultural bacteriology. 8vo. pp. 412. Philadelphia: P-

5 Son & Co. , 90I .
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Practical botany.

A fourth edition of Professor Strasburger's 2 well-known Das kltme

botanische Practicum has just appeared and, like the previous editions, it

remarkable for the judicious manner in which the presentation of fundamental

subject-matter is flavored with modern research. As before, there are thirt>

edtwo chapters, and the general method of presentation, which has prov

successful, has been retained, so that a glance at the table of contents might

lead one to imaerine that little chansre has been made. An examination of
.^..-^ „««.,. ..vv.v. ^»«M*.&

the exercises, however, shows that the entire work has been carefully revised,

that examples have been changed, and that every effort has been made to

bring the book up to the present standpoint of botanical science. The num-

ber of forms studied has been somewhat reduced, on the ground that it is

better to study a smaller number of forms thoroughly than a larger numb*

superficially. A few of the improvements to which special attention might

be called are as follows: a study of sensitive hairs and papillae, a study

o

double fertilization, a more extended study of protoplasmic connections with

the latest methods of demonstrating them, and a particularly thorough rti on

of the chapters on bacteria and on cell and nuclear division. A large nu

ber of new figures has been added.
book

This

stress

It may not be out of place in this connection to call attention to a

which might be mistaken by the general student for an English translation o

Professor Strasburger's work. In the first edition of the translation the trans-

lator added some notes of his own and also some additional illustratl0n *:

tJn
all such matter was clearly indicated by brackets. In ** 8C

t̂ocW§
many of the brackets were eliminated, and in the last edition all rtf

. ^
have been removed and the translator's notes incorporated intoW

that it is difficult, and, for one who really needs a translation,
impossi ^

distinguish what rests upon Strasburger's authority from that whic a- ^
inserted by the translator. Several figures have also been substitute^

^^
is, to say the least, unfortunate, since in all of the German ^^^ ^
has been laid upon the fact that Professor Strasburger has dra

^omfOO0
figures, and that all statements, even when they concern matters o ^
knowledge, rest upon his own investigations. Some of the statem^^
referring to Cladophora as non-cellular, are directly contrary o

^
2 Strasburger, E., Das kleine botanische Practicum fur Anfang*^ ^

zum Selbststudium der mikroskopischen Botanik und Einfuhrung in^ ^ fi^
pischen Technik. Vierte umgearbeitete Auflage. 8vo, viii+ 2 5 x

«
w

Jena: Gustav Fischer. 1902. Mb. . . hf

vate student.
1

''Handbook of Practical Botany for the laboratory and the P*^*\ ^00*
Dr. E. Strasburger. Translated and edited from the German with m ^^
notes by W. Hiilhouse. 5th ed., rewritten and enlarged. 8vo- xxxu-n

Swan Sonnenschein & Co. 1900.



1902) CURRENT LITERATURE 3 1

Strasburger's published views. The addition of subject-matter more suited

to a text-book is also to be criticised, since it makes the work too long for a

ual, without being full enough for a text. These liberties seem hardly

JBtitied by the translator's remark in the preface that "the curious in such

attcrscan doubtless disinter them (the translator's additions) by a compari-

loiof the first English edition (in which all such additions were in square

brackets), and of the German third edition, with the present issue."

While the fact that the translation has reached a fifth edition indicates

Aat there is a demand for Professor Strasburger's Practicum in English, we

believe it would have been better to have presented simply a translation, with

*fl appendix indicating English and American types which could be sub-

stituted for the German forms when the latter are inaccessible.— Charles

J. Chamberlain.

Engler and Drude's " Vegetation der Erde."

Three more volumes of this most important series have appeared

•*•: making five volumes already issued.4 The recent treatises are on the

Caoc*su$ region by Radde, on the Illyrian countries by Beck, and on the

*** German heath by Graebner. Radde's work » alone will be considered

». but early attention to the others may be expected. In the historical

*«*«« one is surprised to see the immense number of botanists who have

3°*** in the Caucasian region of Europe and Asia; one of the first was

^rnefort in 1 717, another was the Russian botanist Gullenstadt in 178?-

'** recently Ledebour, C. A. Meyer, Ruprecht, Trautvetter, Albow, Krass-

>
a»d a host of others have made this region well known botanically.

£«€ himself has written a large number of botanical papers relating to

^la

;
having worked there since 1854.

^ e first chapter deals with the steppes, which are found in their perfec-

^
*nh °f the Caucasus mountains. As elsewhere, the steppes of Caucasia

15 °t very recent rr^^i :__i _ • • ., < .,, 1 _ _i *u »»
; c th* rhar-

^cristic cnii

feitested.

fef-des

*°Phytic a
Cas

S*tosea.

<Wor# *k

— & v,w*v,giv.ai ungm ; me ramous -uiacKcauu ™ —
• A large portion of the steppe region has been artificially

As in America, grassy steppes pass gradually into Artemisia

^^ int° thickets like our chaparral (Paliurus maqui). Along the

~—
- willows occur as on our prairies. Sand dunes and

^ are present in some places, the latter especially near the

Where artemisias now occur, halophvtes were once present

and

water Thus the

4 Bot.gAz-a6: 3s6. !898.

**ni J*'A
DR

- Gustav, Grundziige der Pflanzenverbreitung in den Kaukasus-

^rmel ""^ Wol*a *b" den Manytsch-Scheider bis zur Scheitelflache

Sog: w I"'
' PP> xii+ 500, with 13 text figures, 7 heliogravures, and 3

maps.

T* *• Engelmann.
1899.
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life history of the Caspian region closely resembles that of our salt lake dis-

tricts. On the mountain slopes the steppes pass rather rapidly into forests.

The steppes are best developed near the Black sea, while the halophytcs and

artemisias are more abundant toward the Caspian sea. Smaller and similar

steppes are found south of the Caucasus, paths of migration occurring akmg

the Caspian shore.

The second and third chapters have to do with the luxuriant forests of

Colchis near the shore of the Black sea, south of the Caucasus, and the simi-

lar forests of Talysch near the Caspian. These forests enjoy a m

time climate and are largely of the Mediterranean evergreen type (Sctaim-

per's sclerophyll forests), in which the cypress, laurel, olive, arbutus, ilei.

etc., are abundant, as well as a few deciduous trees ;
conifers are scarce. Some

species now endemic in Colchis were widespread before the ice age, so t a

Wettstein believes that this region was a prominent place of refuge in

Pleistocene. Conditions are similar in Talysch, except that conifers are wto

absent. Other Caucasian forests are described in the fourth chapter

em Caucasia has more forests than the eastern part of the district, a con*

quence of climatic differences. Ascending the mountains, one sees

Paliurus maqui pass into true forests of deciduous trees and coniters

those of Europe. Higher up are great Rhododendron thickets.
^

Xerophytic rock plants are treated in the fifth chapter. The c

j^^
istic forms are Persian, such as Astragalus and Acantholimon, an

^

e^

^
northwestward as the climate becomes moister. Lists of calcico es ^
cicoles are given, but Radde tends to minify their importance.

^^^
chapter is concerned with the mountain floras, which reach a ig

^
ment in Caucasia. The snow and timber lines are much lower in

^^
Caucasus region than farther east because of the high P recip,t*U°^

e regj ns

is no difference between the north and south slopes. The su a p ^
have a dense vegetation, in which Rhododendron takes an lflipM ^^
In the alpine regions plants are scattered, and at least two sPe^ ^gsare

their life cycle a thousand feet above the snow line. Sphagn ^
confined to the alpine regions. The last two chapters contam P^^
data and a floristic subdivision of the Caucasian region.— H.

NOTES FOR STUDENTS. d

nologic*1

ecies

f growtn au"

K. Shibata has made an extended study of the courS
^,el ment of t»*

the changes which occur in the reserve food during the e\

^ the kno**-

shoots of the bamboo.6 These observations supply many detal

^ies used fw

edge of the life history of Phyllostachys mitts and the other

comparative study.—C. R. B.

A very readable account of statistical methods as app

6
Jour. Coll. Sci. Imp. Univ. Tokyo 13 : 427-502. ph- **"**"

lied in
biology

ts

1
900
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ven by Whitney.7 He describes especially the curves and charts of Karl

Pearson based on the theory of probability. Very suggestive advances are

being made in the manner in which masses of data may be handled and

expressed in simple form.— B.M.Davis.

Haberlandt reports 8 that he has confirmed the observations of Nemce'

as to the existence of longitudinal fibrils in the protoplasm of plerome cells

in Allium and Aspidium. He has identified these structures in living and in

fixed tissues, but is not able to distinguish the sheath which Nemec asserts to

be present. He dissents, however, from the view that these are for the con-

duction of stimuli, and suggests that they serve rather for transport of plastic

oaterial.— C. R. B.

Ix a third paper on the proteolytic enzyme of Nepenthes,10 Vines gives

an abstract of the memoir of Clautriau" on digestion in the pitchers of

tbese plants, and joins issue with him in various points. Vines holds "that

fc three enzymes, nepenthin, bromelin, and papain have essentially the same

roteolytic action, which is tryptic," bromelin being most active, and nepen-

*in least. The latter also acts only in an acid medium ; the others act best

1 a neutral one. known

C. R. B.

The

botanical

botanical

and cnnr

""<-• v iiic& rcueraies nis runner si

fcoivtic enzymes of plants are probably tryptic-

igin of new species of plants has been recently treated irom u.

ndpoint by von Wettstein. 12 He presents an extensive review of

mature bearing on Neo-Darwinian and Neo-Lamarckian theories,

es with a brief summary of his conclusions, the important points

»bich are as follows. High organization results from the fixing of adap-

J«
characters by crossing and is largely modified by heterogeny; crossing and

er°geny play less important parls in the acqu is i tion of adaptive characters ;

Emulation comes through external factors, the plant having the ability

Conlro ts development by adaptation. It will be noted that this is a Neo-

**"**** attitude.- B. M. Davis.
Kl vxo'3 has recently made some extensive experiments on transpiration

^"hitney, Evolution and the theory of probability. Univ. Chron., Univ. of

^•3:402. Iqoo.

'HabErlandt> Gj Ueber fibriUdre piasmastructuren. Ber. Deutsch. Bot.

^•.
,9: 5^9-578. 29 Ja 1902.

^
* Reizleitung und die reizleitenden Strukturen bei den Pflanzen. Jena. I9«-

tj

^s of Botany I5:563_473 . IQOI .

»:-. ?n
'ge$tl0n dan* les urnes de Nepenthes. Mem. couronn^s, Acad. Roy. Beig.

^iIuI
WETTSTEIN

' Der g^genwartige Stand unserer Kenntniss betreffend die

J£«^ Formen
im Pflanzenreiche. Ber. Deutsch. Bot. Gesell. 18 ,

184. '900.

15 = 3i 3-366

N
°' TranSpirati0n °f ever8reen trees in winten J°Ur"

C0U
*

SCI
"

TOk
'
V°
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of evergreen trees of Japan in winter. He found that the broad-leaved trees

used in his experiments transpired per day 16.58^ per ioo^of fresh weigh;

and conifers 8.18^. The time of minimum transpiration agrees with that of

minimum temperature, -5.

9

C, and occurs at the end of January. These

experiments, taken with those of Miyake, 14 who has shown that photosynthe-

sis takes place without intermission in winter, seem to indicate that the

abundance of evergreen trees in Japan is chiefly due to the favorable climate.

The Puget sound region has a climate much like that of Japan, which ma

account for its great coniferous forests also.— H. N. Whitford.

Starch formation in Hydrodictyon is described by Timberlake.

There is no sharply differentiated chromatophore in this alga, the chlorophy

being distributed generally through the protoplasm between the plasma mem-

brane and vacuolar membrane. The numerous pyrenoids are the centers*

starch formation. . Portions of the pyrenoids are cut off and changed direc

into starch grains which lie? in the surrounding protoplasm, arranged in W
a manner as to show clearly their relation to the mother pyrenoid.

^

pyrenoid is then an active body contributing its substance to the stare

grain. Kleb's distinction between pyrenoid and stroma starch in Hydrodi*

tyon is not justified, for the latter are only older grains pushed away from re

pyrenoids by the formation of younger starch. This study suggests inte *

ing comparisons of other algal types with and without pyrenoids-—

Davis.

nf Pvthium h^s

An account of fertilization in another species or ry

appeared since the recent paper of Trow (Annals of Botany, Je^
Miyake16 has investigated Pythium Debaryanum, and his results are essen

^
the same as those of Trow for Pythium ultimum. There is a mitosis m

oogonium and antheridium, the spindle being intranuclear as m
^

The contents of the oogonium becomes differentiated into ooplasm an r*^

plasm, the nuclei taking position in the latter region. One ^ ^
the ooplasm from the periphery and becomes the functional fema e

^ ^

those in the periplasm finally degenerating. There is no coen^^gT€Ztet

single male nucleus is discharged into the oogonium together wit o^^

part of the contents of the antheridium. Fusion of the sexual nu*^^ in

shortly. The investigation gives no data on the number of chrom

the various phases of the life-history.— B. M. Davis.

Not long ago reference was made to the rather striking expe i
meats

'Bot. Centralb. 80: 172.
\nn^

'5 Timberlake, 1 1. G., Starch formation in Hydrodictyon utriculatum.

Botany I5 : 619-635. pi, 34. 1901.
16 Miyake, K., The fertilization of Pythium Debaryanutn.

Anna I

15:653-667. pl. 3 6. iqoi.

of Bo»r
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Friedel,17 who claimed that he had observed, apart from the living plant, the

gas Macchiati 18 has

i ussed the significance of Friedel's results without adding many new facts

Friedel'9 and Harroy 30 have repeated the earlier experiments ofown

the former and obtained negative results. Friedel attributes this to the general

weakening of synthetic processes in autumn, and promises to experiment on

a large scale in the coming spring. He observed that young Pelargonium

esshow an activity in early summer that is twenty times that of similar

oiang leaves in autumn, and that one scarcely ought to expect dead leaf

aterial to exhibit gas exchanges at such an unfavorable period. Harroy,

*ho repeated Friedel's experiments exactly and then improved upon the

latter' s experimental methods, concludes that Friedel's claim is premature, to

ay the least, though he admits its plausibility.— H. C. Cowles.

Mitosis in the cells of Spirogyra presents difficulties that have led to a

naraber of investigations with widely different results and much confusion.

The last extensive paper on the subject is by Wisselingh." The chief diffi-

1 ies of the past have been the interpretation of nucleolus-like structures,

w sselmgh finds generally one nucleolus for each nucleus, but sometimes

fro or more of varying sizes. Each has a membrane and contains a closely

*<wtid network, shown in certain stages of development to be made up of two

|«§ threads. The nucleolus of Spirogyra therefore shows many resem-

!ances in structure to a nucleus. Outside of the nucleolus is a network fill-

ia
8 the remainder of the nucleus.
Tbere are two forms of mitosis, one with the formation of segments and

^without. The m
** &e nucleolus or two nucleoli, and the remainder from the nuclear net-

J**-
These gather to form a nuclear plate at the metaphase of mitosis.

omrag that these segments are chromosomes, we then have in Spirogyra

^
to whose nucleoli are chromatic in character. However, the chemical

-ure of these bodies is not established, nor are all the stages of mitosis

** e*P^ed.--B. M. Davis.

,

Items of taxonomic interest are as follows : R. Chodat and E.

ZEK (Bull. Herb. Boissier II. 2 : 281-296. 1902) have begun a critical

' 'ttauon of the plants of the Argentine Republic collected by Wilczek. -

_ ^{idem 297-312), in continuinghis Plantoe Hasslerianae irom Pai

4, T
1*3 numerous new species of Compositae.-J. Cardot and L

*Hed°
Br>'ol°g i st 5:13-16. 1902) have published some new and unre-

two

E. L. Greene (Ottawa Nat. 15 278-282.

* B°T
- Gaz. 32 .

430( I901> „ CompU Rend . m : 840-841. 1901-

^ Soc
- B°t- Ital. I90I : 323-335. m Compt. Rend. 133 =

89°-89t- W 1 '

A ^Ungh, Ueber Kerntheilung bei Spirogyra. 11. Flora 87: 355- '900.
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1902) has described new species of Aster, Gnaphalium (2), and Arnica
J

from the northwest.— F. V. Coville (Proc. Biol. Soc. Washington 15 : :.

29. 1902) has discussed the confused synonymy of Ribes aureum and R.

lentum.—Q.. L. Pollard (Torreya 2 : 24-25. 1902) has described a new violet

from New Jersey, and also (Proc. Biol. Soc. Washington 15:10-21. 1902)

five new American species of Chamaecrista.— R. S. Williams (Bull. Ton.

Bot. Club 29 : 66-68. ph. 4.-5. 1902) has described new western species of

Eurhynchium and Brachythecium — Charles H. Peck {idem 69-74) has

published thirteen new species of fungi.—Alice Eastwood {idem 75-82.

ph. 6-7) has described new Californian species of Fritillaria, Monotropa,

Cycladenia, Potentilla, Orthocarpus, Spraguea, Sidalcea, Stachys, and Tn-

folium.— W. H. Long, Jr. {idem 110-116) has described seven new Texan

species of Puccinia, with illustrations.— F. Gagnepain (Bull. Soc. Bot.

France IV. 1: session extraordinaire LXXIX. 1901) has published a new

genus {Aulotandrd) of Zingiberaceae.—J. M. C.

Covvles,22 in a very comprehensive paper, gives the results of his observa-

tions on the influence of rocks on vegetation. The physical and chemica<

causes for different vegetation on different rocks is discussed. Attention is

called to the facts that the resemblances, and not the differences, are t e mo

striking, and that a number of factors have hitherto been neglected,

ceous and calcareous rocks give rise to siliceous soils, so that there

uniformity in the soils produced than in the rocks from which they *er^

derived. The physiographic factor has also been neglected. No n»^

what the kind of rock, the ecological conditions will be much the s*me^ fc

initial stages of erosion, and consequently the plants will be simllar
'^ the

the last stages of the life history the plants and conditions will be^^
same. "The vegetation of all hills in a given region, of whateverc^

^
or physical nature, is tending toward an ultimate common destI

"^
e

W
sUCCe5

.

most parts parts of the United States is the mesophytic forest.
^ ^

sion of plant societies is sometimes slow and sometimes fast, an
^ ifl

have at any given period before the ultimate stage is reached a
1 ^^

soils. Were the stages equally rapid in all cases, there woul

differences."
gneisSCs,

The author's researches comprise studies made on gra
'

jnnortb-

basalts, etc., in northern Michigan and in Connecticut, on quartZ '

an oorthem

ern Michigan and in Montana, sandstones in northern Mic ,g

^ountainS
of

Illinois and in eastern Tennessee, shales in the Cumberla"
visconSjn,

Teo-

eastern Tennessee, and limestone and dolomites in Illinois,

nessee, and Montana.— H. N. Whitford.

22 Cowles, H. C, Contributions from the Hull botanical
laboratorv

xxxiv

Bull. Am. Bureau Geog. 2 : 163-176, 376-388. 1901
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Professor Hegler's work on the Cyanophyceae 23 has been expected

ever since 1895, but poor health delayed the investigation. After the

aathor's death, the manuscript, quite ready for the press, was published by

Professor G. Karsten, who states that after the appearance of A. Fischer's

work the author most carefully re-examined the disputed points, but without

deeming it necessary to change his views. The photomicrographs with which

tbe paper is illustrated do but scant justice to the beautiful preparations

which the reviewer had the privilege of examining. About forty pages are

devoted to a critical review of the literature of the subject. The rest of the

paper, about eighty pages, contains an account of Hegler's prolonged inves-

tigations. The principal conclusions are as follows. There are no naked

protoplasts in the Cyanophyceae, all cells being provided with cell mem-
oes, which in the heterocysts consist of cellulose, and in the other cells

« 1st principally of chitin. In the protoplast, or cell contents, may be dis-

tinguished an outer color- containing layer and an inner colorless portion.

The coloring matter is in the form of extremely small granules so closely

crowded as to give the impression of an homogeneous color. The chloro-

phyll and phycocyan are contained in the same granules and these granules

**e to be regarded as the chromatophores of the Cyanophyceae. Starch or

^ch-hke material is not present, but glycogen can be identified and is the

recognizable product of assimilation. Albuminoid crystals and slime

jcuoles are never found in the colorless, central portion of the cell. The

b

Urainoid cr>stals are particularly abundant in the heterocysts and spores,
ut

^ often entirely lacking in rapidly-growing vegetative cells.

hether a nucleus is present or not is the most important morpho-

JP« question in connection with the Cyanophyceae and bacteria, since

^_
are the only organisms in which a nucleus has not been positively iden-

• The bearing of this question upon present morphological theories of

1^
lty 1S evi(*ent. Since previous methods have failed to solve the prob-

ml^h^™ devoted much attention to fixing and staining, and recom-

cat*! ?
f°ll0winS : Saturated aqueous solution of SO^, 7 parts; 94 per

^'alh
93 PanS; mix

3

*

USt before usinS and fix for I2~24 h°UrS: ^^
*** Another fixing agent that gives good results is : 40 per cent,

' VHi

Th «
: 94 per cent

*
alcohol

> 95 Parts :
wash in 5° per cent

' *

•

^ « fim-named fixing agent, however, allows a sharper staining of the

gures. Fuchsin, safranin, and gentian-violet do not stain well;

rf
n and methyl-blue are better. The following method gave the

ear
fi

tebeT!tS: CryStals of ammonia alum, 75 parts; water, 75° Parts;
dis*

*ol loo^
8^15 in Water

'
and add g^ce" 11 I2 5 Parts *

94 per CCnt

Parts> an<* saturated alcoholic solution of haematoxylin 25 parts.

«*meile

EGL

t

^' Robert
, Untersuchungen iiber die Organization der Phycochro

•
Ja^b. Wiss. fiot. 36 : 229-254 . pis. s-6. I9oi.

ma-
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The solution must stand for several weeks in a beaker, covered only by a

piece of filter paper, before it is ready for use. Then stain for 24 hour*

in a mixture of 10 parts of the above solution in 100 parts of a 1 percent

aqueous solution of formalin. Wash in running water at least one hour and

then differentiate in saturated alcoholic solution of picric acid 1 part, water I

part, and 94 per cent, alcohol 2 parts. The differentiation will genera!

require only a few seconds. Rinse in 75 per cent, alcohol and examine. If

still too deeply stained transfer again to the differentiating solution and »

continue until the stain is clear and sharp, then wash in running water for a

hour, transfer to 50, 75, 94 per cent., and absolute alcohol, clear in toluol aiii

mount in dammar.
The Ce:

From such preparations the following conclusions are drawn,

tralkorper, or central body of the Cyanophyceae, is a nucleus. The m
^

important reason for this conclusion is the behavior of the central body
«

ing cell division. In all cells of the Cyanophyceae, except the heteroo

the nuclei of which degenerate very earlv, a single nucleus is present,

'

, ,, rr-,- rpctin<7 nUCiCBS

form depending largely upon the shape of the cell. 1 ne re^u B

consists of a slightly staining ground mass in which are imbedded mmtT^
deeply staining granules. These granules from their behavior^^m
ion, their reaction to stains and digestive fluids, are to be

J

dentlh*

nJ^
.. ^

chromatin granules of higher plants. They are not the " red granu ^' ^

Biitschli. The nucleus differs from that of higher plants in not posses

nucleolus or nuclear membrane. During nuclear division inc 5

into chromosomes which separate as division proceeds. Stran s ^ ^
sent spindle fibers may be seen between the separating groups. ^
first appears as a ring midway between the daughter nuclei am

^
^.^

grows toward the center until the partition is complete. T e»
^^^jtfc

that he has shown positively that the Centralkorper is to be
1
en

the nucleus of higher plants. cnmewhat ?«?
It is interesting to note that Zacharias, in a lengthy ana

tes tbe

diced review of Hegler's paper (Bot. Zeit. 59 :
322-3 2 7- I9° I

|icleuS
jB the

accuracy of these conclusions and insists that there is

Cyanophyceae.—Charles J.
Chamberlain.



NEWS.
Professor Volney M. Spalding, of the University of Michigan, is

doing botanical work in Florida.— Science.

Geo. H. Shull, recently of the University of Chicago, has received an

appointment as assistant in the U. S. National Herbarium.

Mrs. Mary L. Pulsifer Ames, the well-known Californian botanist,

&d March 20, at her home in San Jose, California, at the age of 57.

Mr. Elmer D. Merrill, assistant in agrostology in the U. S. Depart-

ment of Agriculture, has accepted an appointment in the Philippines.

Frank Marion Andrews (University of Indiana) recently received his

*ctoiate from the University of Leipzig, with the grade sumtna cum latide.

Professor Charles R. Barnes sailed for Europe March 22, to be

**st nine months, during which time he will visit the principal botanical

**°ratories.

DR- K. vox Tubeuf, chief of the biological division, the German Depart

H^.-Science.
the University of

Dr « Koern-icke, Privat Docent in botany, in the University of

ton, has

Wicbca Akademie of Bonn-PoppelsdorL

the Land-

JWessor Bessey, of the University of Nebraska, is to give a course

«Wy lectures on botanv in the Colorado Soring Summer School, which

Science.
*tobeh

I

1"'65011 botany in the Colorado Springs Summer
m Colorado Springs, Colo., in July and August.—

* SheffiT

°

R W
* H * Brewer - the well-known professor of Agriculture »

^ T
1eW Scientific School of Yale University, will retire from the active

•Ity.
position at the end of the present academic year, after a service

"^•seven years.

W T

**ZxL
LLMAX

> agriculturist of the Washington Agricultural College

P€nment Station at Pullman, has succeeded F. Lamson-Scribner as

™wog,st in th P n. "... ,«r„».i—« ry C. Mr.ysi m the Department of Agriculture, Washington, D. C.
r sailed p u .

°

« ——»j ^i lor lvianua.

^sinL
Bl°LOGICAL LABORATORY at Cold Spring Harbor the following

byDr D T™ }' are offered for the summer of 1902 :
Cryptogenic botany

••iter W\ S°n> J°hns Hopkins University; Ecology, by Samuel M.

B^ ^'ngton University
; and Bacteriology - *•"— F

-

DaV ' S '

lUci
density.

319
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The fifty-first meeting of the American Association for the Advance-

ment of Science will be held at Pittsburg, from June 28 to July 3. It is to be

hoped that botanists will keep this meeting in mind, as it promises to be one

of unusual interest in connection with the great meeting of scientific boc

to occur at Washington during the next Christmas holidays.
*

The Bryologist has become a bi-monthly journal, and now inciud

not merely popular articles, but also technical papers. The features of the

current year are a series of notes on nomenclature by Mrs. E. G. Britton
;
a

continuation of the illustrated series on the lichens by Mrs. Harris; and of

the liverworts by Mr. Barbour ; and descriptions and illustrations of new

rare mosses. The editorial address is Mrs. Annie Morrill Smith, 78 Orange

and

street, Brooklyn, N. Y.

Woods
1 902 include cryptogam ic

plant

The

ears ffl

cytology. The instructors are Drs. Davis, Moore, True, and Cowles, Pro-

fessors C. H. Shaw and A. C. Moore, Mr. J. J. Wolfe, and Miss McRae. A

more complete organization of the botanical supply department w

employment to a limited number of students who may thereby cover t

tuition fees. Inquiries should be addressed to Dr. B. M. Davis

versity of Chicago.

In Science for February 28 1 Dr. H. H. Field makes the weIc0

^
announcement that, in cooperation with the Association International

^
Botanistes, the Concilium Bibliographicum will undertake the issuê 0

^
botanical bibliography on cards similar to those issued for several }

zoological lines. Two Zurich botanists, Dr. Stephen Bruneis ana . ^
Schoch-Etzensperger, have already been appointed to organize

^
Publication will begin in 1903. Botanists will await further ann0U!

^es
with interest. Every one is asked to add to his mailing list for separa

Concilium Bibliographicum, Zurich-Neumunster, Switzerland.

The part of the twenty-first annual report of the United Sta'e

^on(
.

cal Survey dealing with the Forest Reserves, to be publish*' *^ ^
contain reports of the Lewis and Clarke forest reserves of *

°n

^^
Mount Rainier and the Olympic forest reserves of Washmg

!

On '

Stajjjs5j0

cade range forest reserve of Oregon, the Lake Tahoe and t e

^ ^^
reserves of California. The report also includes classification^

^ ^ ^
lands in parts of California and Indian Territory, and a dlsCUSS'°"

le contaiB

conditions in the pine region of Minnesota. The reports aS *

f
^.^

descriptions of the topography, the amount and distribution

the

effect of fires and g

*N. S. 15:357. 1902.
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CITATION.

The following method of writing citations, adopted by the Madison Botanical Congrmmi

Section G f
A.A.A.S., having been now tested by seven years use, is earnestly rec

writers and editors. Contributors to the Botanical Gazette are requested to conform k
j

The examples given below are intended to illustrate the application of the principles in a vim*

of cases.

In each complete citation there should be given the following items :

a. Author's surname in full, followed by a comma. Given names or initials may alsok

used.

b. Exact title, verbatim, following the capitalization required by the usage of the I

in which the title is written, but not necessarily the capitalization employed.

c. Name of periodical or work ; if abbreviated, ambiguity should be carefully avoided.

d. Series, if any, in Roman capitals.

e. Volume number in bold face Arabic numerals, followed by colon. In case there if»

volume number, the number of the oart. heft, lieferung". or fascicle is to occupy this P«***
When a volume is composed of pm

is to be printed in Arabic numerals of ordinary face. When avoiumeiscom^w. r
separately paged the number of the part is to be written as an index figure to the volu?**
ber. Volumes in parts with continuous paging require no designation of par ^
_.^i . ii __/* • i:_ . i ___i f._ •

° .: tko „M r enmetimes con&mvolumes should not be indicated when paging is continuous. The year sometimes con*JW»

the only volume number. It is not necessarily the year of publication.

/. Page, in Arabic numerals of ordinary face. In case paging of the paper-is
"J*JJJ

numerals these should be used, preferably small caps. Re-paging in reprints and ^P*^
to be indicated by enclosing the numerals in parentheses. In case the original

jjjjj^
unknown an em dash should occupy its place, the reprint paging being given n ac

with the foregoing rule. No individual or unique paging is to be cited under any circu

g. Figures, plates, and exsiccatae are to be printed in italic Arabic numerals '

*Jt]feJft a
ignating the figure or plate to be preceded by the abbreviations/^, and//., re pdesig

italics.

h. Exact date should be given if possible, written in the mode and
^
ith^

e^^ toU
for months used by libraries (Ja, F, Mr, Ap, My, Je, Jl, Ag, S, O, N, D). ine

3

should be given.
foBoii*

I Punctuation. Except the comma following the author's name, and the^^ fag**
the volume number, all the items are to be separated by periods. If another

m the same line it is to be separated from the first by an en dash.

/ If it is considered desirable to give other data than series number (if **& # &&&
ber, page, and date, these should be added in brackets, after the date. Hut us

sary data should be avoided. . ^ ^1
k. Citations of reviews, abstracts, and all such secondary references s ou

in parenthesis.
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Sg6
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LEY
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OLL'ME XXXIII NUMBER 5

Botanical Gazette
MA Y, igo

2

ON THE STARCH OF EVERGREEN LEAVES AND ITS

RELATION TO PHOTOSYNTHESIS DURING THE
WINTER.

KlICHI MlYAKE.

Sachs 1

suggested that in evergreen leaves the starch included

8 he chloroplasts might be stored there throughout the winter,

to it seems that he did not make any observations of it. Mer,1

} examining the contents of some evergreen leaves, found that

* starch disappears at the end of October, to reappear again

Ingthe next March. Haberlandt* states that he found few

f*ch granules in the palisade parenchyma of the leaves of Taxus
""cola in winter.

hulz4 made a more extended study of the reserve materials
evergreen leaves in winter. He examined about a hundred

***c,es of plants, comprising both gymnosperms and angio-
ernb

' A11 of the gymnosperms studied were found to be free
11 starch except Gnetum Gnemon, in which the green cells con-

coh a

"16 Starch
"Sranules - Among the angiosperms all mono-

e ons and some dicotyledons were free from starch, while

Remaining dicotyledons contained more or less starch in the

n many species, however, the starch was found only in

S
'/

•

Micr°chemische Untersuchungen. Flora 20: 289. 1862. (p. 300.)

£»

nJZ ^l
^ constitution et des fonctions des feuilles hivemales. Bull. Soc.

1

23 ; 23i. 1876.

»»derPfl

ANDT
'
G-

' ^^eichende Anatomie des assimilatorischen Gewebe-

'^u ;
Zen

- Jahrb ™s,Bot. 13:^4. 1882.

• *•> Ueber Reservestoffe in immergriinen Blattern. Flora 71: 223. 1888.

^ 21
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the fibrovascular bundles and the surrounding tissues. It was only

in Visctim album and Euonymus japonicus that the green cells of

the leaves contained some starch. More recently Lidforss 5 in

examining the leaves of several winter-green plants, comprising

herbs, shrubs, and trees, came to the conclusion that all green

cells of plants are entirely free from starch during the winter

months.

It seems, therefore, according to the observations of the

above investigators, that almost all of the evergreen plants of

northern and middle Europe lose the starch from the green cells

of the leaves during winter. To know whether a similar state

of things holds true in Japan, and to throw some light on the

relation of leaf-starch to photosynthesis, I undertook the present

investigation at the suggestion of Professor M. Miyoshi, to whom

my sincere thanks are due for kind suggestions and helpful

criticisms. The work was carried on in the Botanical Labora-

tory of Tokyo Imperial University, from August, 1898, until

June of the following year.

There are various methods of testing for starch, all using

iodine as the principal reagent. After some trials I determined

to use Meyer's iodine-chloral method.6 The leaves to be exam-

ined were directly observed, or kept in alcohol (70 per cent.)

until examined. When fresh leaves were used, several thin sec-

tions were made from each of them, and placed in strong alco

until the decoloration was complete. They were then place

on the slide, a few drops of chloral-iodine and potassium-iodi e

solution' being added, and examined' under the microscope.

When alcoholic material was used, the sections were imme -

ately placed on the slide for examination.

Among the climatic factors the temperature plays an imp^

tant part in the process of photosynthesis, and it wou

be superfluous, before entering upon the account of my resear ^
s Lidforss, B., Zur Physiologie und Biologie der Wintergriinen

Fora.

Centralb. 68: 33. 1896.

.

6 Meyer, A., Das chlorophyllkorn. -Leipzig, 1883.
wbich »

7 Prepared by mixing equal quantities of chloral-hydrate and water,

tiule iodine and potassium-iodide were added.
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to make a short statement regarding the temperature of Tokyo
and other parts of Japan during the winter.

Tokyo is situated in about the middle portion of the main
island of Japan, 35°59' N., 139 E. In January, the coldest

month of the year, the temperature at night often falls several

degrees below zero centigrade, but rises sometimes to io°C.
during the day. The mean average temperature of the three

winter months in Tokyo, taken from the observations of the
last twenty years in the Central Meteorological Observatory, is

as follow
J The

winter of 1898-99 was a little milder than usual, the record
kmg as follows :

J
lhe following table shows the mean temperature of several

* a ions from which the alcoholic specimens of evergreen leaves
*ere sent to me for examination :

Station

Kumamoto ..

Kyoto 9

Uumomaki I0

5apporo

Location Long, and Lat.

Kiushu island, southern
Japan

Middle Japan

Northeastern Japan

Hokkaido island, northern
Japan

32 48' N.
126° E.

35° i' N.

136 E.

39° 16' N.

139
43° 3 'N.
i 38°5' E-

°E.

Dec. Jan.

6?2 4?4

4?2 2?3

2?7 -o?8

-3-1 -6?3

Feb.

5-6

2?7

0?2

5?o

For comparison 1

^localities of Europe and America:
Berlin. - «°q *

J

Munich,

o?8> 1

3?o

rg.

er

o?i

**kholin,

°Peaha

•Thr

*-7

3?7

gen, o?4

London, 3?

5

Edinburgh, 3?o

Dublin, 4?7

Paris, 2?o

Marseilles, 6?4

Rome, 6? 7

i?oNew York,

Washington, o?2

Boston,

Chicago,

St. Louis,

Montreal, —8?4

3-4

-o?5

* ^oiighout f
u

. me paper temperature is expressed in centigrade.

lverheJer
l0

i

gI

f

CaiStati°n Was found at Nara
'
where the raaterial waS collected '

**«
temperat

Ky°t0t ab°Ut twent
-Y ™lesfrom Nara, and probably with nearly

*tosfr

top

«» Send-
e^aS°n aS aboye [ 8ive the record of Ishinoraaki, about twenty-five

ai where my material was collected.
gures were taken from J. Harm, Mandbuch der Klimatologie. 1883.
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STARCH CONTENTS OF EVERGREEN LEAVES DURING THE WINTER

AND AT OTHER TIMES.
i

I first examined a number of evergreen plants, including

angiosperms, gymnosperms, and pteridophytes, for the starch

contents of the leaves in August. The results generally corre-

spond to the investigation of Meyer. 12 Thus, generally speaking,

monocotyledons have little or no starch in the leaves, while

dicotyledons, gymnosperms, and pteridophytes are found to be

fairly rich in starch.

Then, during several months, from August to the following

spring, I examined about eighty evergreen plants for their leaf-

starch, the material being usually taken twice or three times a

month. The leaves for examination were taken from various

parts of the plants, the healthy and full-grown ones being

selected. In many cases they were taken from several individ-

uals of the same species. To determine the starch contents four

to eight cross-sections were made from a single leaf, and for

such sections five to ten leaves were used. Of eighty species

examined the following seventeen were found to lose the starch

from the mesophyll during the coldest part of the winter:

Ilex rotunda. Asarum Blumei.*

Ilex latifolia. Ephedra vulgaris.

Magnolia compressa. Picea hondoensis.

Magnolia grandiflora. Podocarpus Nageia.

Ternstroemia japonica. Aspidium falcatum. *

Daphne odora. Polypodium ensatum.*

Andromeda japonica. Polypodium lineare.

Aucuba japonica. Gymnogramme japonica.

Geranium acutarium. *

* Herbaceous plants.

As it takes too much space to describe the results mth

the species above mentioned, I shall give only those with

rotunda, as a representative.

"Meyer, Arth., Ueber die Assimilationsproducte der Laubblatter

spermer Pflanzen. Bot. Zeit. 43 : 417. 1885.
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ILEX ROTUNDA.

Date Pal. 13

1898, August 19.

.

September 8

October 14..

' 20 .

November 7.

" 19.

n " 2*
December 2.

8.

" 23.

'fy), January 9. .

.

" 16...

. " 31...
February 8..

27..

March 6 .

.

,
"29....

April 25

3-415

3-4
3-4
3-4
3-4

3
2

2

2

1

1

0-1

0-1

2

3

4

5

Spon. Stom.

3-4
3-4

3

3

3

3
2

2

2

1

1

O-I
o

0-1

2

3

4

5

II'6

II

II

II

II

I

I

I

I

O-I
O-I
O-I

?

O-I
I

I

I

I

M. t. u

27.9

23.2

17.9

13.0

10.9

11. 9

7.0

9-7
8.1

-0.9

3-5
-1.2

3-0

4-5

8.5

8.9

12.7

13-9

f
lowing twenty-seven species were found to contain

er
.
v little starch in the mesophyll during the coldest time of

:ne year:

C'trus Aurantium Bergamia.
"ex crenata.

^ea japonica.

Tl>ea sinensis.

Thea Sasangua.

Eur>a ochnacea.

Nandia domestica.

Berberis napalensis.

Myrica rubra.

Photinia glabra.

Rhaphiolepis japonica.

Laurus nobilis.

-m.

that

Nude and
" ""^ leaVCS there iS SOme difference in the starch contents between

4et» rp

an SP°nSy Parenchyma, and hence I have denoted the starch contents of
regions separately.

rl!
en

!

P
?
ratures in this and other tables are taken from the observations made

at the

I found
lomtheRit i

y A ""-J'
u

>
»«««- —

*«tbere is

anicaI Garden, where most of my material was collected.

'S
I A

.^ e difference »n temperature- between the two localities.

*fcenCal fa******
8 the reIative quantity of starch in the mesophyll, the following

**&*
rich f„

nS ^ USCd : °> no starch ! ', very little starch ; 2, little starch
;
J, mod-

•
"Lo m starch • ., l j

,5

Th
' m starch

i S, very rich in starch.

***«
'S shT*

'n^ gUard -cells of stomata was examined at the same time, and the

^ /// v,^
m the followi*g way : 0, no starch ; /, little starch

;
//, rich m

' "ynch in starch.
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Osmanthus fragrans.

Trachelospermum jasminoides

Hedera Helix colchica.

Dendropanax japonicum.

Quercus Vibrayeana.

Euonymus japonicus.

Thymus serpyllum vulgaris.

Rhododendron Metternichii.

Eleagnus pungens.

Eleagnus macrophylla.

Torreya nucifera.

Taxus cuspidata.

Cunninghamin sinensis.

Sciadopitys verticillata.

Tsuga diversifolia.

In the following table the results with Theajaponica are given

THEA JAPONICA.

Date

1898, August 19. . .

September 8.

21

October 13.. .

(< 21

November 7

19

24

Pal.

December 8

1899, January 9

25

31.
February 8.

.

" 27
March 13. . .

" 23...
April 11...,

**

23 # *

3

3

4
3-4
2-3
2-3

2

1-2

2

1

1

1

1

2-3
2-3
2-3

4-5
4-5

Spon.

3
3
4

4
3-4
3-4

3

3
2
1

1

1

1-2

3

4
4

5

5

Stom. M. t

I

I

I

I

I

I

I

I

I

I

?

?

?

?

I

i

27-9

20.:

153
17-3

10.9

7.0

8.0

4.6

3
3.0

8.5

10.4

12. 1

IS

The following twenty-one species were

little starch (2 in my scale) in

Osmanthus aquifolium.

Actinodaphne lancifolium.

Gardenia florida.

Serissa foetida.

Rosa indica.

Pasania cuspidata.

Quercus glauca.

Illicium anisatum.

Fetsia japonica.

Skimmia japonica.

Ardisia japonica.

Herbaceous plants.

found to contain a

[ during
mid-winter:

*

Pittosporum Tobira.

Ilex integra.

Saxifraga sarmentosa

Nasturtium officinale.

Trachycarpus Fortunei

Thuja occidentalis.

Chamaecyparis obtusa.

Abies firma.

Pinus densiflora.

Pinus Thunbergiu
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The results with Osmanthus aquifolium are as follows:

OSMANTHUS AQUIFOLIUM.

Date

m

«

August 1

8

September 8

October io

member 7

19

December 8

23
1899, January 9 .

.

31.
February 8

" 27
March 7

•.

M.t.

27.5

23.2

16.8

17.9

IO.9

II.9

7.0

8.0

-0.9

3 ;

3-0

4-5

8.5

9-7

12.7

11.8

In the twenty following species, the mesophyll was found to

k moderately rich in starch during the coldest period. They

are the following
:

Distylium racemosum.
Cinnamomum Camphora.
Viscum album.
Cerium odorum.

Juniperus chinensis proci

Cryptomeria japonica.

Thuja orientalis.

Podocarpus macrophylla.
Daphniphyllum macropodum. Cephalotaxus drupacea.
Eriobotry'a japonica Thujopsis dolabrata.

The results with Distylmm racemosum are as follows

:

DISTYLIUM RACEMOSUM

l8
98, August 18...

September 8

.

October 21..

,

November 16
n

Member 8.

%>Janua **
"

February 8

27
March 7

April 23

4 4

4 4

3-4 4

3 3

3 3

3 11 3

3 3

3 2-3

3 2-3

3 2-3

3-4 2-3

4 3

4 4

5 5

Stom. M. t.

I

1

I

O-I
0-1

?

?

?

?

?

?

0-1
I

I

27

23

17

II

7

4

3

3

4
8

9

15

S

2

3

2

1

1

5

5

5

7

3
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The following table shows the starch contents of Cinnamo-

mum sericeum and Litsea japonica in autumn, winter, and sprint

It will be noticed how rich in starch these two plants are dur-

ing the winter.

Name

Cinnamomum sericeum

Date Pal. Spon.

Litsea japonica

October 6

January 31
April 25

September 7
January 18

April 25

3-4

4

5

4-5

5

5

3-4

4

5

5

5

5

Thus among eighty species examined, the amount of starch

in winter vanes greatly in different species, the relation of the

starch contents to the number of species being as follows:

Starch contents -

Number of species -

o

•7

1

28

2

21
3

12

4

1

5

1

The majority of the evergreen plants were found to contain

more or less starch in the mesophyll during the winter, though

the amounts are generally much smaller than those at other time

of the year. Only about one-fifth of the whole number of specie

examined became entirely free from starch, while some species

were quite rich in starch during the coldest time of the year.

It can be seen, moreover, that the amount of starch during

e winter does not depend much on the family to which the plant

belongs. Taking members of Lauraceae, for example:

nobilis has very little starch in the mesophyll during mid-

th

Laurus

iph

iphne laticifolia a little Q

Lits jap

lerately ncn, Ltnnamomum sericeum = »«*——

»

is very rich in starch. However, the mesophy

of all the ferns that I have examined 1' was entirely free from

starch in midwinter, although the guard-cells always

some starch.

Generally speaking, the amount of starch in the mesop }

contain

I

begins to decrease in November and reaches its minimum
during

''Besides the species of ferns already mentioned, I have examinea *j|^
variant, A. tripteron, A. lacerum, Pteris s'errttlata, and Lygodium japontcum,

coldest time of winter.
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January and the beginning of February, increasing again from
ie end of February. As in the mesophyll, the amount of

chin the guard-cells becomes less or even entirely disappears

i winter. Among the plants examined, less than half were
found to have the stomata free from starch during midwinter.
The increase or reappearance of stomatic starch was found to

occur later than that in the mesophyll.
It should be noticed here that the starch contents of ever-

'een leaves are generally greater in April than in August or

-ptember. This fact was already noticed by Mer, 18 who
remarked that some unknown internal causes may have an
influence on the formation and accumulation of starch besides
4e known factors.

dforss
(/. c.) noticed that the leaves are quite free from

ahum oxalate crystals in winter, and he believes that this is

vorable to the economy of plant life, since otherwise they
*ould afford centers for ice-formation within the cells. Although
m Erectly connected with
examined

aiate

my main object of study, I have

carefully for the presence and amount of calcium

crystals in the leaves of eighty evergreen plants at dif-

t

*n

\
tlmes during the winter. I found the crystals in the

jonty of dicotyledonous leaves examined, and their amount
' ™ de<*ease appreciably in winter.

tee

eS

h

deS thC Plants already mentioned, I have examined some
en

erbaceous plants in the winter time. The results are as
follows

:

&°as s«ivus

m

S^^cauie'
c;o v%aris»* media

iari*
media

siar^

December 25
January 18

February 12

January 18
February 13
January 16

January 18

January 18

January 18

I

1-2

I

2-3
0-1

Spon.

I

1-2

O

I

2-3
0-1

Stom.

I

I

MI
I

I

?

MI
I

* ** fenill*. ^ence de piques causes internes
es. C^pt.Rend. II2:248. l89I .

sur ]a presence de iamidon
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As is shown in the above table, some herbaceous plants con

tain no starch in the mesophyll in winter, while others retain

some. In many of the herbaceous leaves a little starch was

found in the guard-cells of stomata.

Some monocotyledonous plants which contain very little or

no starch in the mesophyll, but much in the guard-cells during

milder temperature, were also examined in winter, and more or

less starch was always found in the stomata, as is shown in the

following table :

Name

Iris japonica

Ophiopogon japonicus
Rhodea japonica

Aspidistra lurida

December 5

January 7

January 7

January 7

Pal. Spon.

0-1 0-1

Stom.

II

I

III

II-III

Thus we see that Lidforss's conclusion (/. c.) that the green

cells of the plant, as well as the guard-cells, are entirely free

from starch during winter months does not hold about Tokyo.

I have also examined many evergreen leaves collected in

different parts of the country in winter and preserved in alco

The results are given below7
.

from Sapp

Miyabe of Sapporo Apt

cultural College, I have obtained alcoholic specimens o ^
than thirty species of evergreen leaves of that place, co

^
on January 22 and 25, and February 16. Among ^
mesophyll of the following species was found to be ree

starch :

Sciadopitys verticillata

Pinus Thunbergii.

Pinus Strobus.

Pinus austriaca.

Pinus densiflora.

Picea excelsa.

Abies firma.

Abies sachalinensis.

Thuja orientalis.

Thujopsis dolabrata.

Podocarpus chinensis.

Taxus cuspidata.

Carex rhyncbopbylla.

Viscum album.

Ilex crenata.
adicat

Euonymus japonicusr

Rhododendron
brachycarp
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The following contained

mesophyll

:

Cryptomeria japonica.

Pinus pentaphylla.

Pinus pumila.

Pinus ponderosa.

Picea ajanensis.

Juniperus chinensis.

Chamaecyparis obtusa.

Hen

little or very little starch in the

Chamaecvparis obtusa brevi-

ramea.

Chamaecyparis obtusa pendula.

Chamaecyparis pisifera.

Chamaecyparis pisifera plumosa

II latifolia.

ce we may say that in Sapporo the mesophyll of the

majority of evergreen plants is almost free from starch during

be coldest period of the winter. The guard-cells were also

found to be almost without starch in the majority of the plants

examined, about seven or eight species containing a little starch.

Five species of dicotyledonous plants were found to contain the

c itals of calcium oxalate in the leaves.

Th

Evergreen leaves from Sendai.

e materials for study were sent to me through the kind-

s <>f Professor Yasuda of the Second Higher School of Sendai.

% were collected on January 21 and February 13. 1899.

Of twenty-three species examined the following fourteen

Were found to contain no starch in the mesophyll

:

p'ius densiflora.

Chamaecyparis pisifera filifera.

fcwdopitys
verticillata.

Arundi"nana Simoni.
A°cuba japonica.
Ins tectorum.

Rosaimdica.

The

Sophy

Nandia domestica.

Ilex crenata.

Andromeda japonica.

Euonymus japonicus.

Quercus glauca.

Photinia glabra.

Brassica campestris.

owing contained little or very little starch m the

Abies firma.

^Ptomeria japonica.

Cha

Ch

J°Psis dolabrata.

maecyparis obtusa.
arnaecy

Ilex latifolia.

Quercus Vibray

Thea japonica.

Thea Sasangua

^niea.
obtusa brevi-
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We may say that in Sendai also the mesophyll of the major-

ity of evergreen plants is almost free from starch during mid-

winter. Guard-cells were free from starch in the majority of the

examined plants, only five or six species containing a little

starch. Calcium oxalate crystals were present, more or less, in

almost all the dicotyledonous leaves examined.

Evergree?i leaves from Nara.

The material was sent to me through the kindness of Mr.

Aizama of the Nara High School, being collected in the cold

days of January and February, 1899.

The results of the examination nearly correspond to those

obtained from the plants of Tokyo. Among thirty-six species

examined the following six contained no starch in the meso-

phyll :

Podocarpus chinensis. Eurya ochnacea.

Maesa Doraena. Ternstroemia japonica.

Vicia Faba. .
Symplocos japonica.

Among the rest the following plants were found to contain

little or very little starch in the mesophyll :

Podocarpus Nageia. Eleagnus pungens.

Pinus densiflora. Daphniphyllum macropoduffl.

Pinus Thunbergii. Raphanus sativus.

Nandia domestica. Osmanthus aquifolium.

Q is glauca. Hex rotunda.

Aurantium Bertramia. Ilex Oldharai.

Rosa indica. Eurya japonica.

Photinia glabra. Illicium anisatum.

Eriobotrya japonica. Ficus foveolata.

Thea sinensis. Raphanus sativus.

Thea Sasangua. Osmanthus fragrans.

Thea japonica.
>tarch

in the mesophyll:
S

Abies firraa. Cinnamomum Loure""

a
Cryptomeria japonica. Cinnamomum Camp 01*

Nerium odorum. Cinnamomum pedunc

Fetsia japonica. Ardisia japonica.
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About one-half of the plants contained some starch in the

guard-cells, while calcium oxalate crystals were found in many
leaves.

Evergreen leaves from Kumamoto.

The

wough the kindness of Professor Aida, of the Fifth Higher
xhool in Kumamoto. The leaves were collected at Kumamoto
ad its vicinity about February 20.

Of thirty-three species examined, starch was absent from the

wsophyll of the following three :

Quercus glauca. •

Podocarpus macrophylla.
Quercus gilva.

All the rest contained more or less starch in the mesophyll,
«<* the following (more than one-third) were found to be rich

* moderately rich in starch.

C«nis Aurantium Bergamia. Cryptomeria japonica. .

^nnamomum Camphora. Podocarpus chinensis.
mnamomum pedunculatum. Chamaecvparis obtusa.

Uaphniphyllum macropodum. Abies firraa.
Gardenia florida. Pinus Thunbergii.
E"obotrya japonica.

The remaining eighteen contained little or very little starch

^nemesophyll, and are as follows:

^ latifoli^ Rosa indica.
'•ex mte^ra

U
5 rd - Ligustrum japonicum.

n ^?,
nata ' Raphanus sativus.

c
* Uldhami. Osmamhus fragrans.
ru

= Bigaradia Symplocos japonica.

The
$,nensis

- Pasania cuspidata.

EuonvLttn'
•

ThUJ°PSiS d0labmta '

y uus japonicus. Pi nus parviflora.Pinus parviflora.
Sp "

Juniperus rigida.

•usth

StalS ° f Calcium oxalate were found in many leaves. It

the ColH

n°ticed that ^ese results do not represent exactly that of

^iner
Urnt> ° f the >'ear in Kumamoto, as all the materials

Were collected in the latter part of February.
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FORMATION AND TRANSLOCATION OF STARCH IN WINTER.

As stated before, many of the evergreen leaves in Tokyo con-

tain more or less starch in winter. A series of experiments was

performed to decide whether this starch is the product of photo-

synthesis going on in winter, or that which was formed earlier

and kept there in the mesophyll without translocation. The

experiments were mostly made with pot-plants, plants growing

in the ground out of doors sometimes being used. The follow-

ing plants were used in the experiments:

Thea japonica. Osmanthus fragrans.

Fetsia japonica. Pinus densiflora.

Rosa indica. Pinus Thunbergii.

Andromeda japonica. Abies firma.

Cinnamomum Camphora. Podocarpus macrophylla.

Quercus Vibrayeana. Chamaecyparis obtusa brevira*

Eriobotrya japonica. mea.

Hedera Helix colchica Cryptomeria japonica.

Ilex crenata.

The experiments were conducted between January 8 and the

end of February. First of all, plants which contain more or

less starch in the leaves were either put in the dark room '» or

covered with a black cylinder out of doors. After two or three

weeks the leaves of most of the darkened plants were toun

entirely free from starch.ao Then they were exposed to light,

^
most cases a small quantity of starch was formed after v

eight hours of exposure ; in some cases it took ten

hours or more. The results of a few experiments are given belo*

Thea japonica.

Two pot-plants were used, each about a meter » _ ^

January 23, 1899, several leaves from each plant were

for the starch contents and treated as below:
found W

19 During January and February, the temperature of the dark room

vary between t?o and 7?o C.

so

. _ —„ , „ _.

In some it took only ten days for the leaves to become free rom

in Cryptomeria japonica it took more than a month, probably due to

while

ftatf*

contents.
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Starch contents 2' Treatment

A. 1-2 2-3 ? Put into the dark room.

B - f-2 2-3 ? Remained out of doors as a check."

At 9A.M., February 10 (m. t. 3?i, max. 8?6, min. 2?6) the

eaves of both plants were examined, and it was found that the

darkened plant had lost all of its starch in the leaves, while the

starch of the check plant remained constant.

Then A was exposed to light out of doors. At 5 p. M. of

the same day the leaves were again examined and the starch

contents were found to be 1-2.

Fetsia japonica.

Two pot-plants, each about two-thirds of a meter high, were
"^d- On January 23 the leaves of both were examined and
eated as follows

:

Starch contents Treatment

3 3 I— II Put into the dark room.

3 3 I— 1 1 Exposed to light out of doors as a check.

On February 17 the leaves of A were found to be free from
starch

\t

*•*. February 20 (m.t. 3 ? 4 , max. 9 ?7, min. - 0?8) the dark-
«ed plant was put into the light out of doors. At 5 p. m. of

same day the starch contents of A were 2, 2, I-II ; and at

*• February 22 it became 3, 3, I-II.

Cinnamomum Camphora.

^
small pot-plant about two-thirds of a meter high was

ammed for the leaf-starch at 2 p. m. February 9, and at once

the dark room. The starch contents then were 2-3, 2-3.

l
-
M

- February 20, it was found that all the starch had

kvV°°
rS at noon of the same day, and at 5 p.m. of the same

with' V^011 WaS found to be l ~9
*
I-2 '

havin£ been formed
m five hours.

-
*Th

-"oted ,n n
C°ntentS °f Palisade and spongy parenchyma, and of the guard-cells

l* he sta u
SeParate columns. It is moreover to be noticed that m /*«

er

>wi

C0"tents of smail pot-piant* are generally richer than those of the

s wg out of doors,
in all »,„. • , • „
arth.

P "lents ' the P«ts were buried in the ground to prevent the freezing
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Pinus Thmibergii.

Two pot-plants were used, each about half a meter high. On

February I starch-contents of the leaves from both plants were

examined and treated as below :

Starch-content Treatment

A. 3 ? Covered with a black cylinder.

B. 3 ? Check plant not covered.

The two put out of doors side by side.

On February 20 the starch had disappeared from A y
and that

of B had remained constant. At noon of the same day A was

exposed to light, and at 5 p. m. the starch-contents were found to

be 1-2, having been formed within five hours.

Abies firma.

Two pot-plants, each about a meter high, were examined for

the leaf starch on January 23 and treated as follows:

Starch-content Treatment

A, 2-3 2-3 I Put into the dark room.

B. 2-3 2-3 I Remained out of doors as a check.

At 9 a. m., February 10, the mesophyll of A was found to be

entirely free from starch. After exposure to the light out

doors, at 5 p. m. of the same day the starch was 1-2, 1-2, 1-
an

at 5 p. m., February 11, the starch had increased to 3, 3-

In addition to these plants, several leaves of the following

trees, which contain some starch in the mesophyll, were cove

^

with tinfoil in the beginning of February: Thea japonica, Q^
cus Vibrayeana, Sciadopitys verticillata, Osmanthus fragrans, an^

Ilex integra. Alter two or three weeks the leaves were toun

be entirely free from starch.

These experiments suffice to prove that many or

green plants in Tokyo can form starch in the leaves by p^
synthesis, and translocate it to other parts of the P^8^^
during the winter, though these processes may of course

mere feeble than at other times of the year. Hence c

^ ^
found in manv evergreen leaves in winter may be con

I

bemuch

tarch

that which is formed during that season by photosy nthess
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BEHAVIOR OF STOMATA IN WINTER.

The continual exchange of gases between the intercellular

spaces of the leaf and the surrounding atmosphere is necessary

>r photosynthesis, and this interchange is mainly through the

toraata. Therefore, if the stomata be tightly closed, the

photosynthetic process may practically be stopped in spite of

favorable temperature and illumination.^ Hence it would not
be superfluous to note, the opening and closing of the stomata of

evergreen leaves in winter, as observed in Tokyo.
Stahl J

3 showed, in accordance with Schwendener 2* and Leit-

feM that the stomata of evergreen leaves are closed during the
•inter, and also that the closed stomata of Taxus and Mahonia
open after being kept for a week in a warm room, while those of
j*us and Hedera open after ten days. A similar fact was

erved by Lidforss (/. c.) in the case of Saxifraga, Iris, and
Lhium.

arwin verified the closure of the stomata of evergreen

,

VCS ln winter with his newly devised horn hygroscope. But
mentlons some exceptional cases where they were found clearly

°f"
°n

JaniJary 20 (temperature 12? in the warm winter of

m Pmnus Laurocerasus, P. Lusitanica, Hedera Helix,
'*

* aBursa-pastoris, and Cheiranthus Cheiri ; while Buxus sem-

^wand Ikx Aquifolium had closed stomata.
or testmg the opening of stomata I have adopted Stahl's

cobalt

leiv
.

est
" Thc 'eaves, after removal/were brought immedt-

j

nto the laboratory, the temperature of which varied from

{Sctedonh

andC°Vered With dried li^ht -blue cobalt PaPer '

37
Pr0

"

0n oth sides from the moisture of the air bv two glass plates.

^tahl E p
%i\ J " ^lni^e Versuche ueber Transpiration und Assimilation. Bot. Zeit.

*•*•*»! R i-

S" Ueber Bau und Mechanik der Spaltoffnungen Monatsb.
-oerlin,

833. l88i.

^^•GrL
8

' 11
"'^6111"^6 zur Phvsiologie der Spaltoffnungsapparate. Mittheil-

i:i8S6.

* :

»J'. 1898.'
'' bservati°ns on stomata. Phil. Trans. Roy. Soc. London Bot.

Pre
Pared bv «™i •

> taking the filter paper in 2-4 per cent, cobalt chloride solution.
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At I p. m., January 24, 1899 (half cloudy, temperature outside

7 ), four plants were examined. The results are as follows:

Name

Ternstroemia
japonica

Thea japonica

Observed facts

Fetsia japonica

Sciadopitys

verticillata

Reddening of cobalt paper took place within

a few minutes on the under side of the leaf,

while it remained blue on the upper for a

long time.

Very faint reddening seemed to occur after

some time, but it is doubtful.

Same as preceding.

No reddening occurred on either side.

Stomata

Distinctly

open.

?

?

Closed.

At 2-2:30 p. m. January 31 (clear, temperature 6°), the folio*

ing plants were examined :

Name

Raphiolepis japonica.

Ternstroemia japonica

Observed facts

Osmanthus fragrans . .

Sciadopitys verticillata

Pinus densiflora

Quercus glauca
Quercus Vibrayeana .

.

Quercus phillyraeoides

Pasania glabra

Young leaf— cobalt paper quite red after two

minutes.

Old leaf—no reddening after thirty minutes.

Quite red after three minutes.

Reddening clearly seen after six minutes.

No reddening for a long time.

Reddening after four minutes.

Reddening clearly seen after four minutes.

Reddening clearly seen after five minutes.

Reddening after five minutes.

Reddening after five minutes.

Stomata

!

Distinctly

open.

Closed.

Distinctly

open.

Open.

Closed.

Open.

. Open.

Open.

Open-

Open.

-
' t\ the

At 2 p. 11. February I (rather clear, temperature ?'W

above four species of Fagaceae were examined again, an

found that all of them had the stomata open as before

The next day at 3 p. m.

observations were made

:

, * — &°\ the following
(temperature 8 ;, mc

Name

Thea japonica, a

Thea japonica, b
Thea japonica, c

Juniperus chinensis

procumbens

Observed facts

Faint reddening after some time, but rather

doubtful.

Same as above.

Reddening clearly observed within ten minute..

Reddening after a few minutes

Satf*1*

?

?

Ope*1

Ope"
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first

:
is to be noticed that in Thea japonica the leaves from the

:wo plants showed no distinct opening of stomata, while

ose from the third plant had open stomata. It seems, there-

re, that there are some variations in the behavior of stomata of

same species, probably due more or less to the location of

the plants.

it is evident that many of the evergreen leaves examined
l»ve stomata more or less open in day time during the

rater.

SUMMARY.

'• The starch contents of evergreen leaves differ much at a
given time according to the different species. Monocotyledons
generally contain less starch than dicotyledons, gymnosperms,U

Ptend°phytes, or even none in some species.

•
ne starch in evergreen leaves, generally speaking, begins

and

C

f

rCaSe in Novem ber, reaching its minimum during January
the beginning of February, and increases again from the end

3. Many evergreen leaves in Tokyo and other parts of middle
^southern Japan contain more or less starch in the mesophyll,

tint

e U lS entil*ely absent in some species in the coldest time of

lly
-. T |- .

UUUU In v.vugicui icavw 111 whhw w £,~-- j

^ecompared w
.

th th^ observe<j at other times of the

:

This

m a few species the starch is quite abundant.

*&

S
= translocation occurs in the same season.

_
e starch in the guard-cells becomes less or even entirely

r^ars in m-,„.. _ . ... . . . 1—

_

amo

S m many sPedes > while a few species contain a moder-

l T^
thr°ughout the winter.

^Nnea
6

!

111^ "^ °f everSreen leaves in the n°rthern Part °
f

* *inter

r>

h

lose the starch from the mesophyll and guard-cells

Th
'
whlle a little starch is still found in some species.

^am^nl^ COntent of evergreen leaves is generally more

ly autumn.

>
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9. The opening of the stomata in winter was observed in

some evergreen leaves in Tokyo.

10. The entire absence of calcium oxalate crystals from the

leaves in winter, as stated by Lidforss, could not be verified in

the present investigation. 28

Cornell University,

Ithaca, N. Y.

28A preliminary note, bearing the same title as this paper, was published in Bot

Mag. Tokyo 14:44. 1900.

«

\



THE RHEOTROPISM OF ROOTS.
Frederick C. Newcombe.

(with fifteen figures)

(Concludedfrom p. 283.)

VI. LOCATION OF THE SENSITIVE AREA.

Several experiments were made by Juel" to locate the sen-

sitive area. His tests were of two kinds. He cut off the apical

'•S™ of the root of Vicia sativa, exposed the seedlings thus pre-

pared to the water current, and found that rheotropic curves fol-

ded somewhat more promptly and with greater angles than in

wunjured roots. So many seedlings were employed, and the

responses were so uniform, that we are probabably justified in

accepting the results as demonstrating a rheotropic sensitiveness

of the roots in the absence of the apex. Juel's other device

wasted in covering the apical portion of roots with caps of

iodion. These caps varied from 2 to 7 or 8
mm in length.

fficient experiments were made with the shorter caps to show
latthe foot was sensitive throughout its elongating zone. With

lecaps
7 to 8mm long Qnly gix roQts were tested> and of these

My two gave reliable positive curves, two remaining straight,

* tW0 growing through the collodion and bending positively.

explains the curves with collodion caps as due either to the

^sure of the water being felt through the collodion or to the

netratlon of the water stream through the collodion.

1. 'periments

.)!L
firSt S6ries of experiments to determine the extent of the

4*

sensitive

cted

ased

4e

ect!^
^^ WaS made by the employment of fine jets of water

against various small areas of the root. Each seedling

Was fixed by wet cotton in a perforation in a cork closing

°Wer end f a short glass cylinder I-5 t0 3
« in height. The

*edlin
« thus projected both above and below the cork. Its

^.Part was packed in wet cotton, while 5 to io
mffl of its

^uchungen liber den RheotropJsmus der Wurzeln. Jahrb.Wiss. Bot. 34=507-

341
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in

root projected for the application of the water-jet. At frequent

intervals water was put into the small cylinder, and this slowly

percolated through the cotton and ran down over the root, thus

insuring constant moisture. The water-jets were secured by

bringing the water from an elevated reservoir through glass and

rubber tubes to small glass nozzles passed through corks which

were adjustable in height on small movable standards. The

water-jets as they left the nozzles were from 0.2 to 0.5

diameter. Each jet was adjustable by a screw-clamp applied to

the conducting rubber tube.

This method would seem to offer a somewhat delicate mean

of locating the sensory area of the root. The majority of root

gave a positive response, but most of the roots did not grow

very well. This behavior may be ascribed to various factors

In spite of the precautions taken, the exposed roots of the seed

lings were not always everywhere kept covered with moisture;

the nutations of the roots made it extremely difficult to keep

the water-jet on a precise area, though the experiments were

constantly watched and readjustments made; and it was practi-

cally impossible always to keep the water stream from circling

around the root, thus greatly extending the root surface exposed

to the water stream. Besides these objections, it may be we

to note that a fine water-jet properly meeting the root affects

only a very small surface, and it may be that a larger area mus

be stimulated to bring forth a ready response. The following

table will present the main features of results obtained when t c

water-jets were applied to the apical millimeter of the root-up-

TABLE VIII.

GIVING RESULTS OF WATER-JETS APPLIED TO THE APICAL MILLIMETE

THE ROOT.

Species Period
Number of

roots
-f Curves

Curves

Helianthus annuus .

Brassica alba
• *

Totals

7 hours

4 to 6 hrs

Neutral
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That the relatively small number of positive responses in the

jregoing tests with Brassica alba does not necessarily indicate a

lack of sensitiveness in the root-tip is shown by results following

the application of the water-jet to the elongating zone, this part

having been proved sensitive by Juel's work as well as my own.

In one experiment with the highly sensitive Brassica alba, the

water-jet met the root 2 to 5
ram above the tip, yet after a period

of twelve hours, of the six roots only two were positive, while

one was negative and three were neutral. However, in a total

of four experiments of this nature with Brassica alba, the seven-

teen roots showed twelve positive, two negative, and three neu-

al. This is certainly less equivocal than the results obtained

from the same species when the water-jet was applied to the apex.

In conclusion it may be said that the experiments with the

water-jets have indicated a rheotropic sensitiveness for the apical

millimeter of the root.

2. Exp
ifpaper and of

Another series of experiments to locate the sensitive area

las tried with cylinders of paper and others of collodion, in

* hlch were cut apertures to admit the stream-

8 water. Fig. i4 shows the form of these
«*s. The paper cylinders were made of

,n paper held in form by paraffin, and the
l^tom closed by a bead of paraffin. The col-

10tl cylinders were cast over small rods of
Si. \t *u

.:.' su&ar being subsequently dissolved
Out bv im •

J immersion in water. To prepare these
** commercial cane suga
.^/nd rolled into small

Fig. 14 Illus-

ds between the«mcu into small rods between tne

These were then rolled to the desired

trating the construc-

tion of collodion and

paper cylinders used

in locating the sensi-

tive area.bands.

j
i

"~ ** x-

itTT
between

Plate* of glass. Apertures were cut at any

«J
l°Cation in these cylinders, a vane was attached to the

m end to keen th* ~u~a~ ; n * constant position, and
cylinder in a

*ater.
-



344 BOTANICAL GAZETTE (mat

These cylinders or stockings were slipped over immer
roots as the seedlings were suspended over basins of water lik

those already described. When the basin was set in revolution,

the stockings behaved well, but results were not forthcoming.

The failure was probably due in part to the interference of the

cylinders with the direction of the water stream, and in part to

their mechanical interference with the curving of the roots.

3. Experiments with glass tubes.

The third and most satisfactory method for determining the

extent of the sensitive area was the employment of glass tube.-

of several patterns, by means of which definite parts of the roots

were exposed to the water streams in the revolving glass basins,

and definite parts were shielded from the streams. The experi-

ments are divided into two groups, those testing the sensitive-

ness of the apical millimeter or millimeter and a half, and those

testing the rest of the root.

a. Testing the sensitiveness of the apex of roots.

To determine the sensitiveness of the apex of roots, straight

glass tubes 3 to 4
cm in length and 3

mm internal diameter were

used. Seedlings of suitable size, usually not more than a

centimeter longer than the tubes, were selected for experiment

The tubes were held in water and the seedlings passed in, after

which a little wet cotton was pressed in around the seedling by

the use of a needle whose point was broken off. The cotton

was pressed in firmly enough to hold the seedling in position,

yet not too firmly, to allow the seedling to be moved up or down

the tube. Preparations thus made were fastened to bars of wood

by means of strips of blotting paper and rubber bands, as s

in fig- 15- The bar of wood, with its load, was next suspen

with the glass tubes dipping into water in a glass basin on a

centrifuge, the seedlings were carefully adjusted so that their

tips projected 0.5 to i
ram from the glass tubes, and the revolvm"

apparatus was set in motion. In recording the results g"

below, data as to temperature and velocity will be omitte .

half

hown

ded
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Each could be given, but it will be sufficient to say that tem-

perature was in each case from 21 to 26 in water, and the

5
cm per minute.

mays In

lie first, eleven roots were used. The tips were never allowed

) project from the glass

Jbes more than 2mm .

Every half hour, or oftener

necessary, the roots

were pulled up a little to

ring them back to I
mm

of ex posure. After 4

ent
wrs. four roots had b

Positively with angles
ranRingfrom5to20°; the
other seven roots were
Kutral.

Penment

;
.in

The second ex-

was, in condi-
every way like the

e*cept that the period
0{ th« test was
T

a

Fig. 15.—Illustrating the use of glass tubes

8 hours, in locating the sensitive area of Raphanus satt-

en ^ots were used, and
e of them curved p

vus : a, form of tube used in experimenting with

osi- narrow zone

;

l s

ve

% with angl es of
2°

J

; the other fi

* remained neutral.
1 e experiment had all bent over06 "lass tubes.

the apex of the root ; b, form used for exposing a

c, form used in shielding a long

apical section and exposing a long section back

of the shielded portion.

The five curved roots at the conclusion

in contact with the edges of

The third experiment was quite like the others,

P that the roots were not allowed to protrude more than

•ere 7 *** tubes
'
and the Period was 7

hours
'

Ten ^
<e oth

d ^ the end ° f the trial six had bCnt P
ositivel

-V

*to*\

X f°Ur Were neutral. One of the responding roots gave

With?££*«}?'«* to, of ~\_
^ _

"ored^;, •

K P

beg
tive,
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in 5 hours ten were positive, and in 6 hours all thirteen were

positive. These roots had never more than 2
mm

exposed.

Another set of twenty seedlings with I to 1.5
mm

of the apex

exposed gave, after 8 hours, nineteen roots decidedly positive

and one neutral. In a third experiment, the roots had a maxi-

mum of i
rarn exposed, each root being raised to o.5

mm of exposed

tip as soon as it approached the millimeter limit. Nine seedling

were used, and in 9 hours five roots had become positive, while

the other four remained neutral. A final experiment, conducted

exactly like the last, gave, after 9 hours, six roots positive with

angles of 10 to 20°, while the other four roots remained neutral.

Unless serious objection can be brought against these experi-

ments, they prove that the apex of the root is sensitive to the

rheotropic stimulus. It may be objected by some that too much

of the root was exposed, so that the elongating zone was affected

by the current. This stricture can hardly hold when we coo

sider that in one experiment with Zea mays not more than 1.5

was exposed, and in two experiments with Raphanus sativus not

more than i
mm was exposed. The root cap of this Raphanus

has an axial depth of 0.3 to 0.4
mm

, so that not more than 0.7

back of the cap was exposed, and this amount only for a

fraction of the period of the experiment. It may be thought

that possibly there was a current in the tube itself at a greater

or less distance above its lower end. This objection has been

answered, to some degree at least, by two devices. In °ne

experiment the lower ends of the tubes were contracted so

the root nearly filled the aperture ; in the other experiment

space between root and tube was lightly filled with cotton.

J
both cases good curves were formed, in the first

expenmen^.

the bend in the roots took place above the constricted mout
^

the tube, while the tip of the root extended obliquely throug

sma

the

the narrowed opening. In the second experiment the ben

place in and below the cotton, the cotton not offerin

|. t̂[
great resistance. Another answer to the foregoing °^

Z

^
lies in the fact that roots that were kept retracted with*

^
tubes so that their tips were level with the lower end
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:ube never gave any curves. Contact with the side of the glass

:ube never effected any curvature. Scores of roots have been

allowed to grow down through glass tubes, and many have In-

filling with cotton been pressed against the tubes as the roots

grew out through the lower end, yet none have curved in quiet

water. If we consider the proportion of the number curving to

the total number of roots under experiment, we shall see that

there is no ground here for objection to the assumption of the

sensitiveness of the root-tip. In Zea mays almost half responded

positively, and these were almost as many as have, in other

experiments with the whole root uncovered, responded in the

ame time. In Raphanus sativus forty-three in fifty-two responded

positively. That these curves were responses to the stream of

wter is readily believed when it is seen that there was not a

"igle case of a negative curve. The curves were all relatively

small, because the tubes stopped the progress of the curving

;

e curves were nevertheless decisive, being usually 15 to 20°,

md t0 the author, who has during the past five years seen thou-

mds of irritable curves in roots, there can be no doubt of .the

result.

From the foregoing experiments it may safely be concluded
at ^e apex of the root is sensitive to a rheotropic stimulus.

b
- Testing the sensitiveness of the root back of its apex.

I
of the

»s sensitive, paired glass tubes constructed as shown in//-

^ -f were used. The tubes were 3
mm in internal diameter,

ere held together with fine annealed steel wire, and in each

ends that faced one another were narrovvea.
The tubes1 Wes with their contained seedlings were held on supports

!
n
,

e Preceding group of experiments, and adjustments for

"

v
,

eSlred exPosure of the root-surface were made as then, bj

boBrt ^ SeedHnS UP or down in the tube
-

lt might
u

bt"

would
^ the movement of seedlings up and down the tube.

'"terfere with results, either by injury to the roots or b>

^ a different flank to meet the current. To overcome
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this objection the seedlings were in several experiments fastened

to the supporting bar by themselves and the encasing tube

were fastened to the same bar by a separate band just below the

band holding the seedlings. Such a preparation enabled the

glass tube to be moved up or down while the seedlings remained

fixed. Results showed that there was no advantage in this more

troublesome preparation, and it was discarded as unnecessary.

All of the following experiments were made with Raplianus

sativus (Early Long Scarlet), the roots of this plant being

insensitive to diffused light, and light being necessary at fre-

quent periods of observation.

For the first series of experiments the apical 2
mm of the root

were kept below the opening between the two parts of the paired

tube, and not more than 2 mm of root were exposed to the water

current. In one set of seven seedlings, at the end of 7 hour-

revolution, five roots were positive 5 to 40 , while the other two

roots were straight. In a second set of six roots, at the end of

4 hours 40 minutes, five were strongly positive, and the six

root was straight.

These results show that the part of the root just above

apical 2 mm is sensitive.

In the next series of experiments ten seedlings were use

whose apex was covered for a distance varying from 3
to

Above the covered portion of the root, a portion 5
to &

th

the

were made.

was exposed. After 8 hours eight roots were positively

and two roots were straight.

Five experiments, including forty-eight seedlings,

in which io mm of the apex of the roots were covered, an

root left exposed for 5 to 8 mm above the covered part,

duration of the experiments varied from 10 to 1
1
hours.

•

the end, thirty-four roots were positive, three were negative, a

eleven were neutral.
j.

Two experiments, including a total of twenty-three
»

^

lings, were made in which 1
5 mm of the apex were covere^

5 to 8 mm above the covered part were exposed. The ur^
of the experiments was in one case 10 hours, in the ot
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hours. Of the twenty-three roots, ten became positive, two

aegative, and eleven remained neutral.

Two experiments, including nineteen seedlings, were made,

in which 20 mm of the apex of the roots were covered, and the

roots left exposed for 5 to 8mm above this portion. One experi-

ment ran for 9 hours, the other for 1 1 hours. Of the nineteen

roots, seven became slightly positive, four slightly negative, and

eight remained straight.

The results here recorded are most interesting. They teach

that the root is sensitive to the rheotropic stimulus at a con

siderable distance back of the elongating zone. The elongating

zone in this variety of Raphanus sativus extends but 5
mm back of

toe tip. This fact I determined by marking ten roots with India

»*. and observing them with a horizontal microscope at mter-

' s during 24 hours. The roots were kept immersed in water.

Growth was observed to take place in some roots in the first

4** only, and in the others in the first 5
mm

. No root showed

an )' elongation of the sixth millimeter. All conditions for

growth were favorable, and good growth took place in each

root.

Objectionable conditions were in these experiments removed

* far as possible. The experiments were all performed within

a Period of five weeks, the temperature was held within a vana-

°«of one degree, the revolution of the basins was the same

m for all, giving in each experiment a range of velocities

:om
150 to

Soo- per minute, and the duration of the last three

2^ which are the only ones whose results might a prion be

*lied m question, was nearly alike. To lessen the chances it

** *ere any, of a feeble stream being set up within the tubes

"^selves, the lower end of the lower tube was in some cases

riWith a Plug of cotton, in other cases closed by fusing

stl11 other experiments not only was the lower end of tn

* er tube closed, but cotton was packed around the root at

pSv
int° the low*r tube. Thus it would seem that all

?f
<% of a current within the tubes was excluded.

The

!°Sln^f the ends of the tubes is, however, not advisable; tor



35° BOTANICAL GAZETTE [MAY

it tends to produce distortion in the roots after 12 to 15 hours

of 23 or over. This may come from the lack of oxygen or the

accumulation of the excreta of the root. The experiments

recorded above, therefore, were performed with open tubes

except for the narrowing at the inner ends, as shown in fig. 15.

The tips of the roots in all the experiments were kept from 5 to

I5 mm removed from the lower open ends of the tubes. In

several tests where the whole root was enclosed in a tube, the

tip coming even with the lower open end, there was no curva-

ture. The possibility, therefore, of curvature being caused by

streams within the tubes may be dismissed.

The experiments show a decreasing sensitiveness in the roots

from the region of the elongating zone back to a position at least

I5 mm from the apex. When 20 mm of the apex of the root were

covered there seemed to be some disturbance of the root but no

pronounced directive influence. There were in this case pro-

portionately more than twice as many negative curves as in any

other set, while the number of positive curves was much less

than in other experiments.

It is worth noting that the percentages of positive curvature

in the four different sets show a constant decrease, being 80 per

cent, in roots with 3 to 8 mm covered, 71 per cent, in roots with

lo mm covered, 44 per cent, in roots with I5
mm covered, and p

per cent, in roots with 20 mra covered. The angles attained in

these curvatures were often as great as the tubes would allow,

and averaged 17° in the first series, 19 in the second. 18 «*

the third, and u° in the fourth. Thus it is shown that when

20mm of the root were covered the positive responses were

relatively so few and gave such small angles that one may wei

suppose that the limit of sensitiveness has been approximated.

Not so, however, with the portion of the radish root I5
n"n from

the tip; of the twenty-three seedlings used, nearly half gave

good positive curves, and there were only two negative curves.

The small number of negative curves is excellent evidence or

the reliability of the result ; for the absence of negative curves

shows that the positive curves cannot be charged to pathology

distortion.
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If this evidence is reliable, it shows that the rheotropic

mulus is received arid transmitted by a part of the root io mm

emoved from the limit of the elongating zone, and I2 mm from

ne part which first curves. Remarkable as this result may
seem, I believe it will stand the test of time. One must master

a certain amount of technique to obtain success; but the tech-

«ique once learned, the preparation is easy and the results sure.

C. RESULTS WITH OLDER PLANTS.

I. WITH SECONDARY ROOTS.

ones

that

It cannot be inferred a priori that the secondary roots of

aonsensitive primary ones would be found non-sensitive, nor

a "» it be inferred that the secondary roots of sensitive primary
iiku^„ij u_ r

, sensitive. It seems to be true, however,

., are sensitive or insensitive according to

w sensitiveness or insensitiveness of the primary root. Berg"
,'Und b(>th primary and secondary roots positively rheotropic in

amy^ Fagopyrum tataricum, Tropaeolum majus, Lupinus albus,

luteus, Vicia faba, V. sativa, and Helianthus annuus, while

ther order of roots in Soja hispida was sensitive. My own
^ts are as follows

:

Seven
hort lateral roots pro^v.uinigS or Lucurbita pepo with snort lateral ruuu F»-

1 in
g were suspended with roots immersed in a basin of water

*£? days. During this time, the basin was revolved for two

ads. once for 24 hours a«d once for 16 hours. The lateral

counted as long enough for experiment
foot

"umbered""^d from thirty-five to forty, the shortest being 1- and

^ongest 5- The temperature was 24 to 26°, and the

Clt
> of current ranged from 300™ for the slowest to I200

em

*d ĉ

nUte f°r the m°St mPid flow
"
AU r°°tS

'

b°th Fimary
secondary, grew well and straight.

veloci-

Only ten secondary^ingfrorni5 __ r _ _
hours I!

PrCSent
' and unfortunately the test lasted only 12

>*£

r

ots grew straight -

W*r Rheotropismus. Lunds Universitets Arsskrift. 353;n0 - 6 -
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Zea mays (a yellow dent variety) was abundantly employed in

several experiments. The seedlings with primary and secondary

roots present were suspended in the usual way along the diameter

of several glass basins. The temperature varied from 21 to 24

in air, and the velocity ranged from 150 to 6oocm per minute.

The duration of each test was one week. Some hundreds of

secondary and many tertiary roots were present in the latter hal

of the week. The primary roots, as usual in this species and

variety, contorted very badly; the secondary and tertiary roots

grew without contortion, and nearly all became strongly posi-

tively curved. Only two or three took a negative course, and

not more than seven remained neutral.

The secondary roots of Fagopyrum esculentum were tested on

ten seedlings which had their roots immersed in the water of a

revolving basin for 41^ hours. The temperature varied from

23 to 28 , and the rate of flow ranged from 125 to 6oocai per

minute. There were fifty secondary roots i
cm long or over.

Of the secondary roots, fifteen became positive, four nega-

tive, and thirty-one did not curve. Of the main roots, seven

became positive, one became contorted, and two remained

straight.

From the foregoing results one can hardly generalize,

because the experiments are too few. Yet it is evident thai in

the two plants, Cucurbita pepo and Tropaeolum majus. whose main

roots had been found insensitive* or but weakly responsive, to a

rheotropic stimulus, the secondary roots are insensitive a ».

and that in the Fagopyrum esculentum, the secondary as *

as the primary roots are sensitive, but the former much le^

sensitive than the latter. For the variety of Zea mays used, rt

may be said that the main roots always contort so bad!) in

water that their relations in rheotropism cannot be determine

ployed b)

Jonssen, Berg, and Juel) we know to be positively
rheotropic

in the main root. The experiments here recorded show

secondary and tertiary roots to be rheotropic also.

Zea mavs (Doocorn and those em
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mto

;nd

II. WITH ROOTS OF MATURING PLANTS.

To obtain the roots of older plants for experiment, special

preparation was necessary. Flower pots were chosen of medium
size, the bottom broken out and wire netting placed for a bottom.

The netting had meshes a little over 2mm in diameter. In these

crocks seeds were planted, and the crocks set on a stone slab

i, the season being summer. This treatment prevented

great growth of roots through the bottom of the crocks.

fcnen the plants had grown to suitable size, the crocks were

battery jars, the crocks closing the opening of the jars

ring a free space as a damp chamber below the crocks.

The whole preparation was then sunken into the ground, and
the light was excluded. Such preparations soon gave a

*d growth of roots down below the crocks. When the roots

W attained suitable size, the crocks were lifted out of the jars

set over glass basins with the exposed roots immersed in

aer
- By the revolution of the glass basins, a current of water

generated as in the preceding experiments. The roots that
^te used in the experiments were probably in no case primary.
Smost probable that all primary roots had died at the tip

rowmg through the bottom of the crock while the crock was

dm

"Iff
s °n the stone slab.

^°rdmm vukare was used when the plants were 30 to 37
cm

ground and were flowering. Twenty-six good roots
speared Tu c .

/ . •
me tirst curves were noted in 20 hours after the revo-

Jtoo the water basin began. The experiment continued for

to 400'

angles

<*rt

™rUa PeP°' in the same conditions of temperature and

he

*

|a^

S Hordeum
. was kept in the water stream for 84 hours.

*ere ~*7
Were a m°nth old and were in flower. Fifty roots

urs
>
in air temperature of 24 , and velocities ranging from

40oCm
Per minute. Twenty-two roots bent positively

nges of 45 to 90 , and four roots remained neutral.
Lr

•;rs

subjected

e.

-

(fc. y*&*$ annuus, a month old, was tested in the same
e foregoing plants. There were thirty-two good
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roots. Of these, twenty became positive, five negative, while

seven did not curve.

Fagopyrum escukntum, the plants having nearly ripe fruit, and

treated as the foregoing species, gave twenty-four roots for

experiment. After 38 hours, fourteen roots were positive four

were negative, and six were contorted.

Raphanns sativus, a month old, furnished twenty-eight roots

for experiment. No curves appeared for the first 20 hours.

After 50 hours of revolution of the basins, twenty-one root

had positive curves of 45 to 90 , three were contorted, and four

were straight.

Again it appears here that the sensitiveness of roots to a

stream of water is neither lost nor gained in increasing age of

the plant. In the preceding chapter it was indicated that the

secondary roots are less sensitive than the primary. The same

conclusion is much more strongly indicated by the experiments

just narrated. Yet one may not argue too strongly from these

last experiments. Plants growing in crocks are probably not

very vigorous, and tests have shown over and over again that

lack of vigor inhibits irritable responses. To cite a single ca

I may say that a crock of plants of Helianthiis annuus, not in a

vigorous condition, was kept for 60 hours over revolving water

with two dozen roots immersed, and no curvatures appeared.

mined.

D. NATURE OF THE RHEOTROPIC STIMULI .

The nature of the rheotropic stimulus has not been deter-

ed. In the paper read before the American Association for

The

the Advancement of Science ^ in 1896, I suggested that the

rheotropic stimulus was pressure. Juel (/. c.) has reneweo I

J
suggestion, but no one has offered any direct evidence.

'

physiological importance of rheotropism is difficult to pe

ceive, and hence one suspects here a case where the mechanic

»

developed in response to some biologically important j»^
is set in motion by some other stimulus, as an electric

""rcurrec

throws a muscle into contraction.
I3 Bot. Gaz. 22:242. 1896.
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if one considers the more common responses of roots, he will

become convinced that rheotropism is none of these.

e the publication of Czapek's * hypothesis as to the means of
e perception of the geotropic stimulus, one may even think of

Ac possible connection of rheotropism with geotropism. If the
ion of gravitation is perceived by the radial pressure of

« layers of cells upon those more deeply lying, the pressure
"one side of the root in flowing water would stimulate the
cavitation pressure, and might call forth a pseudo-geotropic
•ve, the rheotropic curve. Since, however, it is almost certain

the gravitation stimulus is perceived by only the apical I to

ne root, and the rheotropic stimulus is perceived by
or tne root, it is not probable that rheotropism is

•dated geotropism.

heotropism is not necessarily connected with heliotropism ;

^

a species, e. g„ Raphanus sativus, have been found rheo-
ich are not heliotropic. Nor is rheotropism connected

>?is

)dr°tr0pism
; for

' as demonstrated by Pfeffer,
1
* in hydro-

w
° nl

y the apical i to 2mm of the root is sensitive. Rheo-
cannot be traumatropism

; for in the former the response
**e when the stimuli]

'

^Part farther back. ._„,_ _ „rr._—
° account for various curvatures of roots in water. I

tr -

s

Several species of plants with rheotropic roots for

meter

m
'

brin£ing submerged chambers of air within a few

tters bel

° f ^ Side ° f root-tiPs which were several centi "

B5lcase

e °W the surface of water. The confined air was in

s separated from the roots by parchment paper. In

fte

Aerot

-,

^ber h
WaS no membrane intervening, the submerged

.

lnE tilted so as to hold the air, while the roots were

**iate

I

kambe
'" & ^ millimeters of the edge of the air-contain-

*»</ ^ n°ne ° f these cases were the r°°tS caused t0

0re than
5 to io° from the vertical direction, and the

UngCn Uber Geotropismus. Jahrb. Wiss. Bot. 32 : 224

P 'C ^ Roth«t, Flora 79 : 212. 1894; and Czapek, Jahrb. Wiss. Bot.
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majority of roots in any one preparation were unaffected. Rheo-

tropism, therefore, is not aerotropism.

Lastly, we may ask what the probability is that rheotropism

is response to pressure. On the one hand we know that the

water current exerts one-sided pressure on the roots, and we are

at a loss to perceive any other influence which the current may

exert. On the other hand, a response of roots to pressure, either

a positive or a negative response, has never been demonstrated.

Sachs 16 thought he had found roots positively thigmotropic when

stimulated on the elongating zone ; but the curves produced

were traumatic, as a forthcoming paper of mine will show

Darwin's I7 supposed negative thigmotropic curves of the root tip

have been shown to be traumatropic by Wiesner l8 and Spalding.
1*

If the rheotropic curving is due to pressure, it might be

thought that solid particles in the water stream might cause

either an earlier or a greater response. Two experiments were

tried with seedlings of Helianthus annuus, in one of which wheat

flour was stirred into the water stream and in the other clay wa.-

used. In each case a control was set up with roots in water

filtered through a Berkefeld filter. While the water was revc I

the solid material was stirred up every half hour. In the first

test the roots gave a readier response in the filtered water than in

that containing the flour; in the second case, responses appea

at about the same time and the roots attained about the same

angles in both basins.

There is no evidence to show that roots are sensitive

pressure, and until that is shown it is idle to speculate as to

red

ism

E. SUMMARY
I. STATEMENT OF CHIEF RESULTS.

The foregoing pages narrate the results obtained ID e*r*

ment with thirty-two species of plants. These thirty-two
spec*

,6Arbeit. aus. d. bot. Inst. Wurz. i: 437.
17 Power of movement in plants, 1880, p. 129.

18 Das Begwegungsvermogen der Pflanzen, 1881, p. 139-

*On the traumatropism of roots. Annals of Botany 8 : 423*
l894>
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ide all plants but two that have been tested by others for

Aeotropism, and twenty-one species that have never been experi-

mented with before. In my own work and that of others, there-

e, thirty-four species have been used. Of these, twenty have

poved positively rheotropic, and fourteen have been found

sensitive. Rheotropism cannot therefore be said to be a general

fanomenon.

The foregoing experiments teach nothing more clearly than

4at sensitive species differ greatly in the degree of sensitive-

*ss to a stimulating water current. As with almost any other

table response, one may arrange species in a series according

to their rheotropism. The twelve species of plants reported as

eotropic by Jonsson, Berg, and Juel should all be accounted as

feeblv or mr,^OMfj„ ™~„:+:,,«. ~ t . ^mnif^H with five Cruet-

m
Wfctt ""&/* \cutrui OLurt. ) d.b icjjuucu m •***#« r~r ~-

The fourteen species found insensitive are distributed through

e families, and the twenty sensitive species through six

^ies. Several species in a single family have been tested in

®e case of the Gramineae with five species in five genera, the

vminosae with ten species in seven genera, the Cruciferae with

>*

pecies

two genera.

it

Cucurbitaceae

11 five species of the Gramineae

Leguminosae are sensitive and five insensitive,
m-M

i/i one insensitive,

^h species of the Cucurbitaceae — :—«***- Two or

3n

^Pecies in each of five genera have been under experiment,

n each genus the species have been either ail sensitive or

^sensitive. There is an indication therefore that the roots of

<&y relatedplants behave alike toward a water current.

Un *e other hand, of two varieties of Lupinus albus tested,

ave no response, while the other showed itself fairly

^Ponsive
Zea mays

asitive.

wer* but feebly affected, while the popcorn was very

*he *>ur aquatic plants and the semi-aquatic Nasturtium offi-

are none of them sensitive to the water stream. It is
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hardly probable, therefore, that rheotropism stands in any bio

logical relation to water plants.

Berg in his paper was unable to determine whether the

velocity of water current had any effect on the response. Juei

working only with Vicia sativa, obtained only straight or nega-

tively bent roots in velocities as high as i8oocm per minute

while positive curves appeared in the majority of cases in veloc-

ities from 1.8 to l8oocm per minute. The highest percentage

and the strongest curves were found in velocities between the

extremes named ; the lower limiting velocity was not found.

my experiments data were obtained on the action of several spe-

cies in varying velocities of water. It has been shown that

velocities above iooocm per mifiute give ge?ierally negative {mechan-

ical) curves, that the optimum velocity lies between ioo
cm and joo

per minute, and that velocities below 50"" per minute bring/ * iind

slower responses with smaller angles. The remarkable result wa

obtained of finding the main root of Raphanus sativus rheotrop

in a velocity less than i
cm per second, while the directive influenc

of a velocity of 2cm per second was no longer obeyed b\

main roots of Brassica alba. It should be remembered, however

that the character of the curve in these very weak currents dm

greatly from that shown in optimum currents, the actual cunts*

in the latter becoming mere positive inclinations m the torm

fk]

" * mmw w- -w * m*r **+ -w ^^ & * * * * A £^ * 1. *. X^ X V-^ J^
"V w-* * » » » "—-

The latent period for rheotropism was stated by Berg to

for Zea mays one hour with the reading microscope ;

whi e

of Vicia sativa according to Juel is two hours. Table V

272 of this paper shows the shortest latent period obtain*
J^

eight species of plants. There it is seen that species i

greatly in time of response, though the latent period for a

relatively long compared with that for geotropism. Co
^

with the heliotropic response, the geotropic response of ra

alba and Helianthus annuus is not much slower. T e

latent period for rheotropism has not, however, been deter
. ênts

by anybody for any plant. In the first place, the eXPe"^
)rth

have not been carried on in the optimum temperature f° r

£
r°

nj

and in the second place, ail experiments, so far, have been inter-

i



m] THE RHEOTROPISM OF ROOTS 359

ered with by geotropism. In my own study some experiments

tere made in which the effect of gravitation was sought to be

aated by using the centrifuge revolving with vertical disk

der water. The plan is wholly feasible, but in my work was

W pursued far enough to give final results.

In the competition between geotropism and rheotropism,

tnich comes into play from the method of experimentation,

»me roots attain only a small deviation from the vertical, some

ach 45°, and some 90 , the last seeming to overcome their

otropism wholly. When the definitive angle is attained by a

ot, this angle is retained for an undetermined period. Only

'he case of weak stimuli have roots been observed to lose

kir responsiveness to the water stream and to resume their

^rtical
Position while the water stream still continued.

The occurrence of the geotropic counter-curve is explained

fuming that the resultant position of equilibrium for roots

k

1 whlch geotropism and rheotropism are competing is different

^he apical 2™ from what it is in the part of the root farther

*ck
- This difference in position of equilibrium for the two

P»rts of the root is due to the extent of both the sensitive and

awor zones. The first curve in ordinary geotropic bending

"Hf located, in roots of medium size, not more than 2«m from

;

aPex of the root, the apex bends down when rheotropism is

^3'lng the root beyond the resultant position of equilibrium.

isotropic sensitiveness being confined to the apical 2
mm ,the

Pother back is, by the sinking of the sensory zone, released

°me de§ree from its impulse to bend downward. As there

™J

the experiment a continuous rising of the part of the root

**xT
t0 the apical 2mm as ^owth goes on, we must assume

be motor zones for geotropism and for rheotropism, in this

*» VXperiment
' are in different parts of the root --the

.;,

er being within 2mm Qf the and the latter three or more

T*** from the apex.
he

present paper has given evidence for the rheotropic

ene^ of at least , 5
„4 f the apex of the root. By means

*• °f water directed against the apical millimeter of the
**%
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a

roots of Helianthus annuus and of Brassica alba, ten positive curve

in a total of eighteen roots were obtained. The other eight

roots all remained straight. The relatively small proportion of

curves was doubtless due to the shortness of the period of the

experiments and to the technical difficulties involved in the

method. By shielding from the water stream by a glass tube

the whole root of Zea mays (popcorn) except the apical 1.5 to

2mm , fifteen positive curves and sixteen straight roots resulted.

Unfortunately the periods of the experiments for this plant vver

only from 4 to 8 hours. Had they all extended to 12 hours

there would doubtless have been a much larger proportion of

curves. The absence of any negative curves, however, show

that the curves obtained were really rheotropic. The apical 0.

to i.5 ram of the root of Raphanus sativus exposed to the wate

stream by the same method as used with Zea mays (popcorn)

gave thirty positive curves and nine straight roots in a total ot

thirty-nine seedlings. In two of these experiments there w

never more than i
mm of root tip exposed to the current, vet even

in this case more than half the roots became positive. ltm«

be claimed, therefore, that the rheotropic sensitiveness of the very eft*

of the root has been demonstrated. "

That the root of Vicia sativa is rheotropically sensitive

throughout its elongating zone was indicated, but not demon-

strated by the experiments of Juel (/. c). He emP l°yed ^
few seedlings, especially in the case in which 7 to 8

mm

apex of the root were covered with collodion caps, where

used only six roots and obtained only two reliable curves,

my experiments forty-eight seedlings of Raphanus sativus

their apical iomm covered with glass tubes, and thirty-four gn

positive response in a water stream. In another series wi
_.-It r rom of tne

same species, twenty-three roots had their apical if>

root covered, and ten gave positive curves. When. hoW* /

nineteen seedlings of Raphanus had 20mm of the apex
J^

roots covered, only seven very weak positive curves appe

while there were four weak negative curves, and eight s

roots. // may be said, therefore, that the roots of RaphanM
sa

^
are rheotropically sensitive for more than 15""" °f

tJmr *^

re
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!v, if at all, sensitive beyond 20mm of their apex. In pre-

)ages it has been shown that the rheotropic sensitiveness

mus proximally from the limit of the elongating zon e. Sincethe

Raphanus sativus has been shown to extend

plant,:han 6mm from the apex of the

ad probably in other rheotropic plants also, a sensory area ten or more

mllimcters distantfrom the limit of the elongating zone, and therefore

ssion of stimulus through a distance of twelve or more milh-

fi to elongate.

Rheotropism is not confined to the primary root. Berg(/.£.)

ta that he observed it in the secondary roots of eight species

plants, while it was absent in one species. My tests extended

°ur species. Putting Berg's results and mine together,

-n species with both primary and secondary roots have been

•d for the rheotropism of secondary roots. Of these eleven

ipecies
'
e'gh t have shown themselves positive in both primary

-condary roots, two have shown themselves neutral in both

5 °f roots, and one {Tropaeolum majus) was found sensitive

Bb°th orders by Berg, but feebly sensitive in the primary and

ral »n the secondary roots by me. Berg makes no statement

relative sensitiveness of primary and secondary roots. In

xPeriments the secondary roots of Fagopyrum esculentum

^sensitive than the primary, but the secondary and ter-

roots of Zea mays (yellow dent) were more sensitive than

M*imary. One may conclude at least that the secondary roots are

je or insensitive according to the sensitiveness or insensitiveness of
m Primary

root.

wf
L̂ experiments of former investigators of rheotropism

:en carried on with seedlings. In my study the roots of

*** have been tested in five species. The seedlings of

these species had proved themselves rheotropic, and the

the same species a month old were found rheotropic

ln the raw ~c i.L- i>m • •*.! *U~ rnnts of the
case of the fifth species neither the roots

;

gs n°r of the older plants were sensitive. As f&
'."****. therefore, it has been found that rheotropism

**Zl
ed^ l°St in the development of a plant from seedling

v nas

the

inty.
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As to the nature of the rheotropic stimulus, there is no direct

evidence. I still incline to the notion of pressure, as expressed

in my paper before the American Association for the Advance-

ment of Science in 1896. As yet, however, no one has demon-

strated in the roots of plants any kind of a response to pressure.

II. TABULATION OF SPECIES EMPLOYED AND THEIR RHEOTROPIC BEHAVIOR.

Family

Gramineae

Hydrocharitaceae
Naiadaceae
Liliaceae

Ranuncuiaceae
Cupuliferae . . *

Cucurbitaceae.

Cruciferae

Geraniaceae .

.

Polygonaceae
Euphorbiaceae
Leguminosae .

.

Compositae

Rheotropic behavior

Zea mays L. Yellow dent

Sweetn

(< Popcorn . .

Triticum vulgare Vill

Hordeum vulgare L

.

Secale cereale L . .

.

Avena sativa L
Elodea canadensis Michx.
Potamogeton perfoliatus L
Allium cepa L. Bulb

Seedlings..

Ranunculus aquatilis L...

Quercus alba L
Cucurbita pepo L
Citrullus vulgaris Schrad . .

Brassica alba Boiss

Brassica nigra Koch
Brassica campestris

Brassica oleracea L
L

Raphanus sativus L
Nasturtium officinale R. Br

Tropaeolum majus L
Fagopyrum esculentum Moench
Ricinus communis L

1

Feebly sensitive

Feebly sensitive

Highly sensitive

Feebly sensitive

Highly sensitive

Highly sensitive

Highly ensitive

Insensitive

Insensitive

Insensitive

Insensitive

Insensitive

Insensitive

Insensitive

Insensitive

Highh ensitive

Highlv sensitive

Highly sensitive

Highly sensi c

Highly sensitive

Insensitive
\--

Vicia faba I

Vicia sativa L
Lupinus albus L
Phaseolus vulgaris L
Phaseolus lunatus L . . . .

.

Phaseolus multiflorus Willd

Pisum sativum L
Glycine hispida Maxim
Dolichos lablab L . . . . .

Lathyrus odoratus L

.

Helianthus annuus L

Feebly sensitn

1 1 ighly
sensitr-

Insensitive

Feeblv sensitive

Fairly
sensitive

Fairly sensitive

Insensitive

Insensitive

Insensitive

Fairlv sensitive

Insensitive

Insensitive

Fairly sensitive

Fairlv
sensitive

In addition to ten of the species in the foregoing t able.
Ber

tested Lupinus luteus L. and Fagopyrum tatartcum

which he found sensitive.

University of Michigan,
Ann Arbor, Michigan.

Gaertn • *

both ot



PARTHENOGENESIS IN THALICTRUM PURPURAS-
CENS.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY.

XXXV.

James Bertram Overton.

(WITH PLATES XII-XIII)

INTRODUCTORY.

The well known experiments of Loeb in inducing by artifi-

methods the segmentation of the unfertilized eggs of some

«fthe lower animals, and the formation of embryos, suggested

ilar experiments with the eggs of plants. Experiments of

: nature have been made upon lower plants, but the eggs of

eh'gher plants do not lend themselves readily to experiment.

evertheless,
«* was concluded to make the attempt with some

Oosperm. It seemed best to select a dioecious plant, and one

ected of exhibiting parthenogenesis. The clue was furnished

a P^er read by David F. Day at the Buffalo meeting of the

erican Association for the Advancement of Science in 1896.

* Was entitled " Parthenogenesis in Thalictrum Fendleri," and

f
fo!lowing abstract was published in the Botanical Gazette

i2:24iSi 8Q6):

I

* f

l

l
,8

f3
a seedling of T. Fendkri was sent home from Colorado for culti-

ta late May it flowered and proved to be pistillate. About the last

-gust it presented abund.ua and good seed, although BO **»«*« P
;aIU?

»P«ies of Thalictrum were in the neighborhood. The seeds were

^^d yielded abundantly staminate and pistillate plants. Staminate

«8ce. T ,

enartlficiaUy prevented from maturing flowers almost every year

**ed jL
1 Cight times » thirteen years the pistillate plants have pro-

***5r
SCed in abundance. Plants were sent to Meehan, Missouri

Nect
' ^denS

' and 0rPet of S. Lancaster, Mass., and all report in ib9

k
*W from pistillate plants. This seems to be a clear case of partn

Th- .

di°kum does n°t show a similar habit.
,s might have been a case of parthenogenesis or of vege-

'
a^mv, not to be determined without careful morpho-

> - 4*

363
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logical study. In any event, it suggested a species for study

and the allied T. purpurascens, abundant in the vacant lots in

Chicago, was selected.

The work was begun early in the summer of 1900 and carried

on at the Hull Botanical Laboratory of the University of Chicago.

Acknowledgments are due to Professor John M. Coulter for

much suggestive advice during the prosecution of the work, and

also to Dr. Charles J. Chamberlain and Dr. Burton E. Livingston

for assistance in collection, technique, and interpretation. Mr.

Andrew C. Moore, now of the University of South Carolina, also

gave much assistance in collecting material.

METHODS.

A compound microscope was taken into the field in order to

determine whether the flowers were pistillate or staminate. On

such plants as were found by this means to be pistillate were

used. In fact, the flowers were all too young to be determined

in any other way. A dozen such pistillate plants were isolated

in the greenhouse of the laboratory, nine - of which survived.

The plants were numbered, and watered with solutions of various

salts. This mode of treatment was kept up until after the time

fertilization would have taken place normally and until t e

stigmas ceased to be receptive. Each week some of the deve op-

ing flowers were killed in a one per cent, solution of chrom-acetic

acid and kept in 70 per cent, alcohol for further study. In *
e

autumn these plants were dried and their rootstocks preserve

pots over winter. These were forced about the first of April, an

^

all produced abundant pistillate flowers long before thoseOU

yd
doors had blossomed. This made it certain that P

ollinatl0°

h3d
not occur, as these flowers were mature and their stigmas

^
ceased to be receptive long before those out of doors hao e

begun to bloom, much less to produce pollen. .

t-,., .* . _ ot, n5fn at Ult

Fifteen or sixteen other pistillate plants were chosen ^
same time by the same means and transplanted into the

^

of the laboratory. The inflorescences of these were ^
covered or capped with paper bags so as to prevent po m
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The flowers developed in these bags from the time the pistils

to be determined by means of the microscope until the seeds

oatured. Each week a head was removed, the flowers being

preserved as above for future study.

All plants that survived under all the conditions, in the

'eenhouse. or in the crarHen or as
n>

an

seemed

heno

or in the garden, or as rootstocks, produced abun-

d fully developed seeds. Of course in such a case it

unlikely that the treatment with the solutions produced

e effect. Therefore the problem resolved itself into an inves-

ition of the embryos, to determine whether or not there was

genesis, the embryo developing from the unfertilized

or vegetative apogamy. Abundant and good material had

ken preserved, which it was hoped would show all stages

quired to answer this question. The material after fixing and

"H was brought gradually into 70 per cent, alcohol and there

*¥ until used. The xyloi-paraffin method was used entirely,

ld sections were cut with a microtome from 5-15/* thick as the

Required. Sections were stained with Delafield's haematox-
1 and also with Flemming's safranin, gentian-violet, and orange

Jtthod. All drawings were made with a Zeiss camera and a

•rBansch and Lomb oil immersion.

RESULTS.

* not the purpose of this paper to describe the develop-

1 of the megaspore in detail, for it differs in no way from

USUal among angiosperms. In the very young ovule the

P°nal cell is distinguishable (fig. 1, a), later enlarging

*)• and dividing unequally to form the so-called^ tapetal

f^'
3,t

) and the larger primary
apetal cell may or mav nnt Hivi

t

ifi.

may not divide runner. Fig. 4 shows a

on. •- ' J
—

. may ur may not oiviae lurtuci. * •&• 7-

«w
The Primary sporogenous cell gives rise to the usua

J four megaspores
(fig. 5 ), the innermost spore of the

t^^(fig. 5,M).
- megaspore germinates in the usual way, enlarging at tne

t

se of the surrounding ceils until it occupies a large part ot

al

U<

f
us

{fig, 6), and the nuclear divisions resulting m the

grouPs of nuclei at each extremity of the sac.
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Fusion of the polar nuclei takes place immediately, and th

seems to act as a stimulus for the rapid enlargement of the sac

{fig- 6, Pp-)- The fusion nucleus also enlarges very rapidly and

staining shows it to be rich in chromatin. It may lie near the

oosphere, or in the center of the sac, or close to the antipodals

{figs. 7, 8, 11) . It is always surrounded by abundant cytoplasm,

which is connected by strands to the mass about the egg and the

antipodals, and often contains numerous nucleoli. It remain

very large and active while the sac is enlarging to four or five

times the size it had when the polar nuclei fused {fig. //)•

The synergids present the usual appearance. They are

vacuolated at the lower end, with the nuclei above the vacuoles

the upp {fig

The oosphere is not much longer and very often shorter than

the synergids (0 in figs. 6, 7, 8, //), and is never very rich in

stainable material, the nucleus taking only slightly the stain

taken by the definitive nucleus very heavily. There is abundant

cytoplasm surrounding the egg in all cases, with strands ra ia-

ting to the mass about the definitive nucleus, as above mentione .

Although the egg is usually shorter than the synergids at t e

{fig

(fig.
//)cspe

dally in length, the egg begins to reach down into the sac a

below the synergids, becoming highly vacuolated and stal™
very feebly (figs, j, 7, 10, a, 11, v), appearing to reach lte^*
development just at the time the free endosperm nuclei

parietally placed. ,

b j v

One of the most notable features of the sac is the remar

to^
large size of the antipodal cells, which often reach almost^J^
center of the sac, their nuclei multiplying by fragmen a.

{figs. 7, 8, 11).
arkabI

As before mentioned, the definitive nucleus is re

^
large, resting near the egg, or near the antipodals, bu ^
quently centrally placed in the sac. Free nuclear dlV1Sl°

e

place very rapidly, and in no instance did division o ^7
take place before division of the endosperm had begu •
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ee nuclear division is so rapid as to produce in a remarkably

Aorttime a great number of nuclei, during which the sac enlarges

rapidly in all directions. It may be well to note here that

the first division of the egg takes place when the free nuclei

become parietally placed, lining the whole sac. Coulter found

i species of Ranunculus "occasional evidence of endosperm-

nnation before the fusion of gametes, and even before the

entrance of the pollen-tube into the cavity of the sac." In

examination of normal material of T. purpurascens I have

ken unable to find any stages that show segmentation of the

<?g before the definitive nucleus divides, in all cases free

*dear division having begun before fertilization. In the

-nal that I know to be parthenogenetic the free nuclear

«>n began without any stimulus from fertilization, and
ffays before the egg divides. Undoubtedly fertilization, when

* &kes place, may exert an influence upon the definitive nucleus,

15 'tis known to do upon other adjacent structures, but it is not

absolutely necessary to its division. The parietal placing of the

* Oosperm nuclei is followed by the formation of cell walls,

the endosperm gradually fills the cavity of the sac.

^ described above, the egg becomes elongated far below the

^
r8ids, and there seems to be a great lack of stainable

w both nucleus and cytoplasm. In every case observed

Ooplasm of the sac was very dense about the egg, except

^ (

mt '^mediately in contact with it. This layer appears to

» different consistency and stains very little, much resem-

the Zone of broken-down endosperm tissue so frequently

bounding an embrvo in the seed. It suggests that the

3^ng off an enzyme'that digests the adjacent cytoplasm.

atte n pt was made tQ trace jn detail the development of

Material

mv
Ty°< as that was not the purpose of the work. w

!Zatl0n the first division occurs, and is transverse (Jig
usUa

' - envision occurs,

.

The next division is also transverse, and a row of three

V*"" is formed, after which a longitudinal division takes

n

'
n the terminal cell, differentiating the embryo-proper

e suspensor. The persistence of the synergids is ver>
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noticeable, and this might be expected, since no pollen tube has

entered the sac to draw upon them for food supply. The syner-

gids in the normal material were not evident in all cases after

the embryo had begun to develop. After the first longitudina

division of the embryo, similar divisions may take place in th

suspensor, resulting in a massive, rather short, much twisted,

thick-walled suspensor {fig. 13, S7t) . Finally, the parthenoge-

netic embryo becomes morphologically well developed, showing

dermatogen, periblem, and plerome, exactly as in normal

embryos. In fact no difference can be seen between the per

fectly normal embryo and this parthenogenetically formed one

{fig. 16). The endosperm continues to develop until it entirely

fills the cavity of the sac and lies in a mass about the embryo.

Abundant seed is produced by T. parpurascens, both from free

and isolated pistillate plants. The percentage of seed produced

in the parthenogenetic material is quite as great as under per-

fectly normal conditions in the field.

GENERAL DISCUSSION.

There have been described only two other cases of true par-

thenogenesis among spermatophytes. In 1898 Juel aes

parthenogenesis in Antennaria a/pina. No figures were giv ' ^

we have to depend upon his text for the facts. In 1876 Kern

had noticed that plants of A. alpina were matured in the Botani-

cal Garden at Innsbruck when no staminate flowers were P
re^

It is the rule for plants of A. alpina to have only Pistl ^
flowers, while staminate flowers are exceedingly rare, an

necessary to the propagation of the species. The po en g ^
are not fully developed, or very seldom so, even when t

staminate flowers present, being functionless according ^
Juel maintained that Kerner did not find P^n6110^"^^^!
true sense of the word, but only seed-development^^

fertilization. A critical study of A. dioica showed that it

'Parthenogenesis bei Antennaria alpina. Hot. Centralbl. 74 : 36^

\ \cad. "
3 Parthenogenesis etner angiosperrnen Prlanze. riitzung*

74:469. 1876.

Wies
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mallv, fertilization occurring and the embryo coming from a

ized egg. In A. alpina, however, he found that the egg

an embryo without fertilization. In this case the polar

Klei never fuse or even approach each other, dividing indepen-

to form the endosperm, which is finally absorbed by the

o. Juel on the

mind that one of the polar nuclei and the egg have arisen

t/kT

wigh the same nuclear division, and as the egg nucleus is able

vide without fertilization, the polar nuclei can divide with-

usion. Even if this explains the division of the upper polar

«, it does not apply to the lower one. Juel did not follow

c chromosome reduction at that time, but later investigated it

-alpina. He founds that tetrad formation does not take

Awhile in A. dioica there is the usual row of four. Juel con-

-***
. v

« that there is Ip,

ot the parthenogenetic embryo contain the normal num-

°f chromosomes.
In 1895 Murbeck* suggested that certain species of Alche-

are parthenogenetic. During the summers of 1892 and 1893

served in the neighborhood of Stockholm a form of Alche-

which seemed to be intermediate between two forms that

* ln the same locality. In order to determine whether the

mediate form was a hybrid, he made a comparative study of

*oductive power, and later of the formation of pollen. In

%ee forms he found the pollen impotent, and yet all set

T*o other forms, growing in the Royal Botanical Garden

^ademy of Science of Stockholm, behaved likewise.

was also collected from different parts of Europe

LI

fc

ena in

30(1
^95. Murbeck found that A. alpt .

««.and A. vestita produced no pollen whatever; that A.

A. mbcrenata, and A. alpestris sometimes develope

,

! but the amount was very much out of proportion to the

r of seeds produced. Of the great number of species

ka Notiser 102. 1900.

^*ka Conner af Alchemilla vulgaris. Botaniska Notiser 265
(Fussnote).



370 BOTANICAL GAZETTE (may

examined only the oriental species A. speciosa showed normal

pollen. He came to the conclusion, after mixing the plants and

finding no variations in the species, that the pollen sparing!

produced by some forms had no fertilizing power. These n ults

he published in 1897, 5 with the statement that he hoped later to

discover whether there is actual parthenogenesis or whether the

embryo arises from the nucellar tissue. With this purpose in

view, Murbeck examined numerous species of the section Euai

chemilla, but his important results are mainly derived from A.

alpina. He has traced every stage of development from the

archesporial cell to the formation of the embryo, and published

his results in 1901.6 He found a central mass of archesporial

cells, and that the numerous primary sporogenous cells ma

each give rise to a row of three or four megaspores, one or all ot

which may give rise to embryo sacs. In regard to chromosome

reduction, he observed in a pollen mother-cell of A. arvctun

that the reduction number was 16, but he claims that in parthe-

Lip

nogenetic species there is no reduction of chromosomes,

shows that there is no direct relation between endosperm-form*

tion and embryo-formation. A noticeable fact is that before t

egg divides the whole egg-apparatus stretches far into the s*

and then division takes place without fertilization, a pc

embryo being developed. The first division takes place *hl~

flower is still in developmental stages. Murbeck also foun *^

embryos in a single sac, one developed from the egg

other from a synergid.
Thalu-

Thp twn « c« rU^riK^ri hv Tupl and Murbeck, and
J

cases of

tnim purpurascem , described in this paper, are tne ui
j

true parthenogenesis thus far recorded among see p

though of course the phenomenon is common enoug

certain lower plants. The so-called cases of partnc ^^
among seed-plants, as Coelobogyne ilicifolia,

Mercurial

*s*h Hen fdrkla^ -^

sOmvegetativembryobiiding hos flertalet AlchemiHor ocn u ^.^
formbestandigheten inom slagtet som densamma innebar. Botanis

l897 '

n Lands t^
6 Parthenogenetische Embryobilding in der Gattung Alehemil a.

sitets Arsskrift 36 : 1-40. b ph. 1901.
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etc, were long ago shown by Strasburger 7 to be cases of vege-

b e apogamy.

In Balanophora elongata Treub 8 has shown that there is no

bides

ertiiization, but that a "pseud-embryo" is developed apoga-

usly from the endosperm. We see no reason why this whole

• ud-embryo" structure with the endosperm in which it

elops may not be considered an embryo developed apoga-

oouslv from the micropylar polar nucleus, which later organ-

a growing point as does a normal embryo. Lotsy 9 found

Mctly the same state of affairs in Balanophora globosa, a species

*•& no staminate flowers. In the case of Rhopalocnemis phal-

which Lotsy 10 also recently investigated, no seeds are ever

oduced. He could not discover a pollen tube, nor could he

duce
Pollen tubes to develop by artificial pollination. In a

cases he secured some seeds, but was certain the embryos
m Sloped from the eggs, probably after fertilization.

Il is shown that an embryo may be produced from any ceil

le embryo sac, and in this sense they may all be regarded

otential eggs. But since the same fact is true of cells of

e nucellus, the statement has little significance. Experimental

done within the last five or six years upon the eggs of

?,
eanimaIs has thrown some light upon the causes of the

"""'
ion of unfertilized ee-o-s. Mathews" showed that the

fertilized eggs of star.fish could be made to extrude polar

^s by violent shaking. Morgan - found that eggs placed in

Z*T
° f a higher osmotic pressure than normal sea water

uPon being returned to the latter. Mead^ showed that

If 1

1 P<%embryonie. Jenaisch. Zeitschr. Naturwiss. ia : 659- i § 78 -

L'

;;

Sane femelle et l'apogamie du Balanophora elongata. Ann. Jard. Bot. Buiten

15 ' l-*2. 1898.

aaaopbora gbboso. Ann. Jard. Bot. Buitenzorg 16 : 26-29. i 899-

10,. i^ntmh Phalloides Jungh., etc. Ann. Jard. Bot. Buitenzorg H. *•

Q
^^•9:i50. I894 .

1V ' fur Entwicklungs. mechanik der Organismus 8 i 448-
l899-

Uctttr« at Woods Hole. ,898.
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eggs of Chaetopterus could be made to divide by placing them

in sea water to which KC1 had been added. Morgan' 4 con-

firmed the results obtained by Hertwig as to the action of

strychnin sulfate. He expressed the opinion that eggs are in a

state of unstable equilibrium, and would react to various stimuli

by division just as other ceils would react in other ways to the

same stimuli. Loeb 15 found that exposure of eggs of Arbacia

for a short period to sea water to which alkali or acid had been

added induced cell division. He has arrived at certain con-

clusions by further experiments upon the unfertilized eggs of

echinoderms. 16 He has shown that such eggs can be made to

develop into normal embryonic forms through a certain increase

in the osmotic pressure, produced either by electrolytes or non-

electrolytes. He suggests the probability that parthenogenettc

development is caused by loss of a certain amount of water from

the egg. Mathews ** found that karyokinetic divisions in the egg

of Arbacia could be induced by the lack of oxygen, by heat, by

exposure to ether, alcohol, and chloroform. Loeb 18 also pre

duced artificial parthenogenesis in eggs of other animai- t a

echinoderms by increasing the osmotic pressure, as Chaetop eras,

etc. His experiments have convinced him that the esse

feature in increasing the osmotic pressure of the surroun

medium is a loss of water on the part of the egg. He alsosta e

that if we assume the spermatozoon starts the development

the egg in the same way as in the case of artificial P
arthe"og

^
if nf a higher

esis, it must follow that it possesses more salts 01 » ©

osmotic pressure than the egg. He has also suggested t a

spermatozoon may bring about the same condition in

: ~ produced by loss of water.

These experiments suggest an explanation of P
arthen°^

rtS;e
.V _ °& _. • *—.—*-A hv a den

g

as ff is invested by
5

• betw
sheath of cytoplasm, and that there is some reacuu

•* Science N. S. i : 176. 1899. 1S Jour. Phys. 3 : 447- » 899- ^^
16 Further experiments on artificial parthenogenesis and the na ure

of fertilization. Jour. Phys. 4 : 178. 1900.

"Jour. Phys. 4 : 341. 1900. ,8 Science N. S. a : 7°- I9°°-
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e two is evidenced by the change in the structure of the

i— :„ !„„„_ : .~-}:„4.~i,t ;~ ^nHrt «n>h thp ecrp- Whether

Of not the g

the

i matter of detail. The fact remains that physical changes are

evident in the cytoplasm in contact with the egg, which then

vides. Such changes may well vary the osmotic pressure

whin the egg, and lead to nuclear division as shown by

experiments referred to above.

While TMictrum purpurascens is parthenogenetic under arti-

i! conditions, parthenogenesis also takes place in plants grown

wier perfectly natural conditions if pollination be prevented, as

<hown by plants setting seed in the gardens when the flowers

*e covered with paper bags. All such plants showed quite as

"any seeds per plant as those which had been fertilized and grew

•he field. Many flowers were cut from natural specimens in

•der to comnarp th#*m w;th tViP. nart-hpnop-enetic material. Ingenetic

»y cases a pollen tube could be detected, but in far the

to number no such tube or any evidence of a tube having

1 present could be seen. One can tell by even a casual

tion of the micropyle whether a tube has been present or

1 am led to conclude that many seeds are produced par-

- Really under normal conditions if for any reason

nation fr
:, ~ ** m * ••-"• • :-<* +v^rp s<

k
*® real m

i

So far as I could determine, there seems to

cessity for pollination in order to propagate t e

plant is getting towards the habit of c0"P let«-

is, when pollen will become impotent, a condition

ly attained by Antennaria alpina and several i~—
:he^la. Even though the number of recorded partheno-

**et,c genera among dicotyledons be so small, the genera are

*<% distributed. It would seem as if
parthenogenesis

C beof ^uch more common occurrence among angiosperin3

*n ls at present known.
.;

" :

SUMMARY.

J"* development and germination of the megaspore is

J found among angiosperms. iU _

Fasion of the polar nuclei is early, always before

F
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zation in normal material, and before the division of the tgg in
*

parthenogenetic material.

3. Fertilization is not necessary to embryo-development or

to endosperm-development.

4. Embryos were produced parthenogenetically under all

conditions, and normal material showed the phenomenon to be

general in nature.

5. The cytoplasm of the early stages of the sac is closely

packed about the egg. Later the egg becomes surrounded by

an area much resembling a vacuole, which may affect the osmotic

pressure and indicate a withdrawal of water, causing the oosphere

to divide.

6. The development of the embryo in parthenogenetic mate-

rial is the same as found in normal material.

7. Parthenogenesis is becoming fixed in Thalictrum.

Illinois College,

Jacksonville, 111.

EXPLANATION OF PLATES XII AND XIII.

Fig. 1. Section of young ovule showing archesporial cell (a).

Fig. 2. The same, showing enlarging archesporial cell (a).

Fig. 3. Section of young ovule with integument forming, showing tape a

cell (/) and primary sporogenous cell (s).

Fig. 4. Anticlinal division of tapetal cell (/); the nucleus of the pnmar.

sporogenous cell also dividing. .

lesS

Fig. 5. Young nucellus, showing tapetal cell (/), the three function

megaspores (m), and the functional megaspore {fm). ^
OO

with the three functionless megaspores crowded between it and the
0*

sac

un

er and lower polar nuclei fusing.

oos
defini-

te

oos

tive nucleus ; at, antipodals. .

t

Fig. 8. Same as fig. 7, but showing both synergids (&»)
w,t °

i?^ * tk* first
division

Fig. 9. A group of endosperm nuclei resulting from trie

of the definitive nucleus. wjth the

Fig. 10a. The oosphere (0) beginning to extend into the sac

vacuole (v) surrounding it.
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Fig. \ob. A group of free endosperm nuclei from same sac, showing free

endosperm nuclei before egg divides.

Fig. ii. Embryo sac just before the division of the oosphere ; end nu>

large and active definitive nucleus; syn, synergid ; o, oosphere before elon-

gation into the sac ; v, vacuole forming about the oosphere ; ant, large

multinucleate antipodals.

Fig. 12. Two-celled parthenogenetic embryo (emb) with the vacuole about

a few free endosperm nuclei are seen scattered in the cytoplasm of the

sac.

Antipodals

ffled with endosperm cells (em).
Fig. 14. A young parthenogenetic embryo (emb) at end of suspensor,

K& surrounded by endosperm cells (end).
Fig. 15. A still more advanced parthenogenetic embryo, showing the

^k-walled twisted suspensor (su).
F *G. 16. Diagrammatic sketch showing general relation of the parthen-

°pnetic embryo (emb) to the endosperm (end) in the seed.



BRIEFER ARTICLES.

SUBTERRANEAN PLANTS OF EPIPHEGUS.

(with one figure)

Having need of Epiphegus virgitiiana in late October, 1900, I

and

sought a piece of beech woods in Holbrook, Massachusetts, where I

found the plant growing abundantly in rich, deep humus. It was past

the flowering time of this species in the main, but the warm season

that year was unusually protracted, and numerous short shoots were

being produced from the swollen stem bases, upon which I found

flowers and fruit in all stages of development. The flowers borne b

these late branches are very small. They are all cleistogamous

invariably give rise to capsules filled with fertile seed.

Occasionally these secondary shoots were observed to be flowering

somewhat below the surface of the ground. This fact led to further

exploration, and on turning up the mold I found

many shoots that for one reason or another had

never escaped from the soil. They were as pro-

ductive of fruit and seed as the aerial branches

Finally, I brought to light a number of whole

plants that had come to maturity below the surface.

They were buried one or two inches deep, and were dwarf speci-

mens, an inch or less in height. They bore several fruits containing

good seed. A life-size figure of two of these plants is given herewith

Whether this variation is simply physiological and due to tardy

germination or lack of nourishment, as seems probable, or is constitu-

tional and inheritable, the case offers an interesting example ot a

phanerogam leading its existence, and indeed completing its enure

cycle of life, underground.—R. G. Leavitt, The Ames Botanical La

oratory, North Eastoti. Massachusetts.

NOTES OF TRAVEL. VIII.

AMERICAN AUTUMN FOLIAGE IN EUROPE.

As I travel through the forests of Arkansas and feast mv e^

upon the splendor of their autumn foliage, which is second m & f

376
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*

only to such regions as the Berkshire hills, I am reminded of a little

SCO avaria. In visiting the large nurs-

ery of the brewing institute of Weihenstephan at Freising near Munich,

my attention was attracted by several dashes of bright red color among
k generally somber browns and yellows of the autumn foliage,

laese flashes of color were quite remarkable, even from the distant

Ml where the institute stands. Upon inquiry 1 learned that this

Wght-colored foliage was borne by American and Japanese trees or

nibs, and that the brightest of all was our common American Quer-

v rubra, whose leaves were as deeply colored as I have ever seen

aem ia America. Inspector Steinbock remarked, when I expressed
ffl

y surprise at their color, that there were in the park near Munich
SeveraI good-sized trees of the swamp maple (Acer dasycarpum)
*hose leaves regularly colored up in the autumn the brightest wine

*f-
* visited these trees and was gratified to find them of the same
red which we are accustomed to associate with this species in

erica. The Japanese species which was so brightly colored at the

_

e*wg institute was a species of Berberis, I believe, according to

• teinbock, and its narrow leaves were a dark crimson.
much h as been said about the peculiarities of American and

anese climate as a cause for the brilliant autumn foliage character-
c of these countries, that I fear we have left out of account the con-

4or

ratIon of ^e species themselves. The matter may have been

°^hly discussed in the horticultural literature, but I know of no

"»ents bearing on the question. If the European oaks when
in America show fine or quite different colorings from what

sanese

Sperim

•
°at home, there the effect of climate must be accepted; but the

aaatlv

T
Li

^ the

-* ~~*** tiit cuctL Ul CJIlIlJctlC aiuai u^ m-^v^j j

USt pointed out, that American oaks and maples color up bril-

Europe, points to a possible difference of species.

teforV
1* l0Cal Climatic conditions about Munich are not responsi-

1 tf rtT
°°l0r l discovered on mentioning the matter to Mr. Schat-

\t
!

he firm of Vilmorin & Company in Paris. He assured me that

^

arge arboretum of M. Maurice de Vilmorin the same remark-

\^ had been observed, and that certain of the American oaks

fai?

P

f

^ thCre Were most brilliantly colored in autumn.

nee I
^ StFUck in such wonderful parks as those of Compeig

J e Thiergarten of Potsdam in Prussia, or the royal palace

;
SlD Munich, by the lack of those gay colors in the landscape

e t0 our autumn so large a share of its peculiar charm. A tew

One can-

s?n in

I
'r*

;
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judiciously planted American oaks or maples in these parks would give

to the effect just those touches of color that to an American eye seem

lacking to make perfect an autumn afternoon stroll.

There is a large field for the study of autumn foliage in Europe

and in this country. Individual peculiarities ought to be studied and

trees that can be propagated asexually chosen from the thousands of

seedlings in the parks. The physiological conditions which produce

these colorations will be most interesting, and the effects of hybridiza-

tion of highly coloring species may be something phenomenal. With

the growing passion for ornamentals this feature cannot fail long to

attract serious attention, and it would be an easy thing to carry on

some international experiments, introducing into Europe quantities of

our gorgeously coloring species.— David G. Fairchild, Department

of Agriculture, Washington, D. C.

A NEW HELIOTROPIUM.

The cosmopolitan Heliotropium curassavicum is supposed to be

sn^ciently well known, and the idea that the name may at present

cover more than one species does not seem to be entertained. How-

ever, when I saw the plant passing as H. curassavicum in southern

California, last summer, I was strongly impressed with the idea t at

it was quite distinct from that of southern New Mexico (Mesilla va -

ley) and northern Mexico (Juarez in Chihuahua), which had been

familiar to me for some years past. The latter plant is lower and ess

robust, with white flowers, which are visited at Juarez by a pecu iar

bee of the genus Perdita, a strong indication that the plant is rea J

a native of the region.

The Californian plant I described from fresh material gathere s

San Pedro in July, as follows: Spreading, about 20
cm high, ro us-

main stems 6mm in diameter, bluish-green ; leaves spatulate, the arg^

about 53
ram long and 20 broad; average leaves 27""" l°nS and9

£#
larger leaves about i

mm
thick, smaller o.5

mm
. Flowers arranged as

1

curassavicum; flowering spikes usually in threes, about 25 «* 6 ^
gating fruit to 6oram or more ; flowers 7""° diameter, varying i» e

^
spike from 5 to 6-lobed corolla; corolla white, throat deep p» rP

yellow (both colors on same spike); calyx-lobes lanceolate, equa^. ^
tube of the corolla; corolla more or less purple outside, so

buds appear purple.

h

1
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The yellow-eyed flowers are the freshest
;

probably they later

become purple-eyed. This plant goes south along the seacoast, at

to San Diego county. I consulted a number of floras of different

parts c that H.

EM

universally considered to be white. Unfortunately, in drying

plant turns black, and I have never been able to prepare really

tisfactory herbarium specimens. It may be on account of this diffi-

that the several species (if such there are) have not been dis-

ciminated. If botanists resident where presumed H. curassavicum

'0*s will carefully note the characters of the living plants, perhaps we

1 in time reach the solution of the matter.

~nce writing the above note I have obtained fresh material of the

ew Mexico species at Albuquerque, still in flower December 3, 190 l

Renewed comparisons make it evident that this inland form requires a

"active name, as follows :

Heliotrop; xerophilu Flowers 3.5""" in diameter; corolla

lobes5-iobed, white (not turning violet), tinged with yellow within ;

•Grounded; flowering spikes only about 20""" long; calyx lobes

fcTOW Pointed
; fruit globular, 4-lobed, with distinct sutures, lobes

* ded; leaves obtuse-lanceolate, about 3o
mm long and 7

broad.-

Cockerell, East Las Ve?as. New Mexico.

T.



CURRENT LITERATURE
BOOK REVIEWS.

The physiology of plants.

Another part of the new edition of Pfeffer's text-book of plant physiology
1

has recently been published. This is the first part of Vol. II, which deals

with energy exchanges in the plant. The first volume appeared in 1897.*

This part embraces ten chapters, headed as follows : I. Movement of growth

II. Mechanism of growth; III. Growth and cell division ; IV. Elasticityand

cohesion in the plant body; V. Tissue tensions; VI. Influence of external

conditions upon growth; VII. Internal causes of specific configuration;

VIII. Variation and heredity; IX. Rhythm in the processes ot growth; and

X. Power of resistance to extreme conditions. The subject-matter has been

largely rewritten, so that the present edition is quite distinct from the former

one. The treatment is divided into topics which are numbered consecutively

throughout the volume, regardless of chapters.

Each chapter contains a full and critical treatment of the present condi-

tion of the subject, together with a historical r<§sum6 of the contributions

which have been most important in bringing our knowledge to its present

state. The literature is pretty well brought up to the date of publication,

and citations by footnotes are very numerous. The practical value of these

citations would have been much enhanced had the use of the sign /. r. been

avoided by an occasional repetition, and had a more general uniformity m

the form of citation been observed; here and there appears even that -i*

noire of the student of scientific literature, a reference by page to a xtV*&

^

separate. Besides this comprehensive treatment of our present knowledge,*

discussion of the subject from the theoretical side is also presented,

quite usual with this author, the discussion often goes so far as to P°'
nt

^
not only promising lines for future research, but also the possible an p

able results of such work.

b-

the
If there can be noted in the style of the author any change sine

^
appearance of the previous edition, it is in the direction of greater c

^
and directness of statement. The curiously involved sentences, w »c

>f/)ffwecbsc*

'Pfeffer, W., Pflanzenphysiologie, ein Handbuch der Lehre von a *» ^
und Kraftwechsel in der Pflaiize. Zweite vdllig umgearbeitete Auflage. ^
Kraftwechsel. i Halfte. 8vo, pp. 1-353. figs- 3'- Leipzig :

Wilhelm "I

1901.
«

See review in Box. Gaz. 25: 132. 1898.

380
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widence, but, if we judge rightly, not so emphatically in evidence as here-

tofore. A tendency to avoid terms which serve only to cover up our lgnor-

m, and an attitude of mind which seeks for explanations of physiological

ftaiomena on physical and chemical grounds, is somewhat more pronounced

."re than in the previous edition. A feeling of admiration and wonder must

t aroused in every reader of this volume by the exceedingly broad and

Miliar grasp of the whole subject that is shown by the author. There seems

to be no corner of the realm of physiology into which the acuteness of Dr.

*fers intellect has not allowed him to find his way. This seems to us to be

*e strongest among the many good qualities possessed by the book, but

wipled with it -perhaps necessitated by it -is a quality which is surely

** -d to cause much dissatisfaction and -weariness of the flesh on the part

* the student. We refer to the numerous cross references found on nearly

P^e. To get the author's whole view of any subject one must at

bph read a good part of the volume. . . ,

E^!ish readers will hope for the speedy appearance of a translation

*« book into their own tongue, for it will surely be from now on the standard

"^nceon the physiology of growth and irritability. All students of this

**jw will await with impatience the publication of the rest of the volume.

-Bcrton- E. Livingston.

Enzymes and their applications.

««98Dr.Jeao Ettrom.' «i Brussels, published the first volume of an

"Wwt work upon enzymes and their industrial applications. That w

* ^ntly been translated by Professor Prescott, of the Massachusetts

Is

at

mY been translated by Professor Prescott, ot tne »»« ^
°f Technology, with the desire "to make available in Eng is

^B. ., * "-"uuiogy, wun the desire "to m*^ »»»
,

J*te serial of the original French work." This volume ,s devoted

ceDzvmpe^u- ,

&
. ^~~-iaws. In addition

Byrnes which

ducoside and glyceride

^^ ——*«. 11 mciuaes a aiscussion ul mc gmcu=
oxidases,

es
- As only one chapter is devoted to them and one to the

* be «een that the greater part of the work is devoted to the

•^ Byrnes.
these

h°ut the book the emphasis upon the industrial relations of t ese

ls very strong . For example, chapter II i.^^^ the

Th

ttg^, ,
^"tl"icai transtormations whicn auuu.r'v °

Chapter
„;*»' ">*!„„, sorti ge,»iii»«,

and •««*„,J^

!P

cu » the role of amylase in the brewery; cnapw. j
bfead

^tase; chapter 14 to the fermentations wh.ch occu

xidases^ v
7' lEAN

' Enzvmes and their applications. Tn

St»W ,
* : The enzvmes of the carbohydrates. The

0*: John Wiley & Son. London : Chapman & Hall. 1902. *3-°°
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making; and chapter 15 to the role of amylase in the distillery. Much

attention is also devoted to methods of determining the activity of enzymes

to which Effront himself has contributed greatly, as indeed he has to the

whole subject.

Three enzymes are considered in great detail, namely, sucrase (invertasr

amylase (diastase), and maltase. The most important industrial applications

of maltase seem to be in the manufacture of various oriental beverages.

In several inductory chapters the author discusses the general properties,

the mode of action, and the individuality of enzymes. For the general

reader or the physiologist these chapters will be found the most useful. The

translator adheres to the author's use of the term diastase in its general sense

as a synonym of enzyme. In view of the very wide application of the word

diastase to a particular group of enzymes this usage may lead to confusion.

In general the translation is satisfactory, though the choice of words is not

always happy, and the paragraphing might have been greatly improved upon

At the close of each chapter there is a bibliography. The incompleteness

the citations and the diverse forms used will be a source of annoyance to

anyone attempting to look up references. The translator could have done

good service to English readers by adopting some consistent plan of citation

and supplementing the author's bibliographical work. ^

This book will be certain of comparison with Green's recent work on t

Soluble ferments and fermentation. The two are written from a w oj

different standpoint; in Green's work the industrial ipp&ationi«^
incidentally touched upon, but in those portions where comparison is P

^
it will hardly be to the advantage of the Effront book. The latter pro u

^
an impression of fragmentariness and incompleteness, and there is

_^ ^
finish, all of which leave the reader without a clear-cut imPress,on '

mcb
no doubt due in part to the incompleteness of the subject, for in real >^^
remains to be discovered regarding these bodies, but part of the re

must be ascribed to the work of the author and translator.
j-yiduals

The book, however, will be extremely useful to schools and in * ^
concerned with the industrial processes of baking, malting, r "^
tilling, etc., in which fermentation plays so important a part.-—

Outlines of botany.4

^
Mr. Leavitt has prepared, at the request of the botanica ep

book

pofl

it«»~ vu.tu.^, a. tv,A i-uvun. vy* mv^; .

CV eil * l

and evidently intended to replace Gray's Lessons in botany, wn ,

* Leavitt, Robert Greenleaf, Outlines of botany, for hlSh
"f^ q̂uest f **

and class room, based on Gray's Lessons in botany. Prepared a
jfeW Yo*

:

botanical department of Harvard University. 8vo. pp. 272. figs- 3 ^^ gaffa

American Book Company. 1901. Also, combined with Fte
,
J°

botany.
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med form, is growing less and less acceptable. An endeavor has been

wde, according to the author's statement, to provide for the "many schools

which , having outgrown certain now antiquated methods of teaching botany,

fad the best of the more recent text-books too difficult and comprehensive

farpractical use in an elementary course The descriptive text follows

athemain the sequence of topics of Gray's Lessons in botany, and certain

pwts of that book have been retained The writer has felt free to adopt

4e phraseology of Dr. Gray wherever desired, without quotation marks.

• . But the greater part of the descriptive text throughout is new, the

dapterson cryptogams and on physiology being entirely so."

Mr. Leavitt's own part of the book is fresh, well chosen, and clear, with

^ly more than that seemingly irreducible minimum of error to be found in

ementary books. Especially noticeable is the position and character of

sUk
-ratory directions, which precede the text on each topic. Besides the

. - -. . . Jo.mtoH fn the

theiabo

section

•ante anatomy of flowering plants, and twenty-one to a "brief outline ot

|*«able physiology." Many of the illustrations are from the admirable draw-

P made for the Lessons and Structural botany, and a large number of new

*«are introduced, which are both well chosen and well executed.

.

Il wi» be clear, however, to anyone who considers the laboratory d.rec-

ll0Bs that there is much more work laid out, especially in the sections on

FPtogams," than can possibly be accomplished, even in a year of work.

freover th* ui ,. . r ., . .^ " A*m?md an unusual!)*«over, the laboratory directi
e araount of material and a thoroughly prepared teacher -the ver.

5 *Wch have caused " the best of the more recent text-books to d

n^,. . ... .i ..„„ \n an eie-
^cterized

fotan

- **- iuu uimcun ana comprencnsive for pract

c^rse." That is to say, the teacher must be adequately tra.ne

andcapable of selecting even from Mr. Leavitt's book. Neither

ni n°r the slave will be able to use it.

feni

ntheabsence of any discussion of alt

npiel

* h

—w, me relation ot tne two pnabes m i»-
, r«ther

***** obscure. Heterospory and the seed habit are
"**f"*

1V; indeed, when undertaking to elucidate the « relationship^ot c ^
an

<* Phanerogams" suppositions are proposed regarding be! g

need not he imagined, because they are facts.
al

Cnt0Ut

,

the b0°k thC aUth°r^ retain6d
' ^"d Srttural tetany.

«* morphology which characterized the Lessons and Struct"

^^val is to be seen in the maintenance of the£^£eri!>g and flowerless. The author has dropped into s ^^Ste . & ai1" nowerless. I he autnor nas «.wKr - terms.

*££ rti0nS WhSCh ^"^ defin£ thC tC

1m tdTy'ore than an

* ,

aPter treating of the flower, however, is still hardiy

* *dgloaary.
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We hazard a guess that the demands of the botanical department of

Harvard University are more responsible for these features than the judg-

ment of the author. It seems a pity to attempt to galvanize the Lessons into

a semblance of life again, the more because the book was not only the most

popular and widely used, but the most useful text-book of its day; one whose

admirable lucidity and directness may well be the envy of the text-hook

makers of a later generation. It earned for itself an honorable name and a

secure place in memory, and should now be allowed to pass, albeit with

something of the same regret and sense of loss as at the death of its loved

and lamented author. The attempt to combine its method and the modern

one is a mistake, as false in theory as it is likely to be futile in practice. Mr.

Bergen recently attempted a similar feat in his Foundations of botany, offering

the old in one hand and all varieties of the new in the other. Authors (perhap

we should say in this case departments of botany) ought to be content to

adopt a method which seems to them best, maintain it consistently through

the book, and offer it with the other books, written from a similar or a differ-

ent standpoint, for the intelligent choice of teachers. The other course savors

of the commercial rather than the scientific or educational.— C. R. B.

MINOR NOTICES.
Eug. Warm liar floral

[I

structures of certain Brazilian Burmanniaceae discovered by Dr. A. Glaziou.

including a description of two new genera {Glaziocharis and TriscyPhus)®)

Taubet.— I. M. C.

O. A. Farwell has published a catalogue of the flora (Pteridophytes

and Spermatophytes) of Detroit, being a reprint, with additions, from t

.

Eleventh Annual Report of the Commissioners of Parks and Boulevards,

contains a total of 885 species and varieties.— J. M. C.

The report of the State Botanist of New York for 190° haS JU

^
appeared. It contains descriptions of forty-five new species and fW™**

|e
fungi. A section on edible fungi describes sixteen forms, three of w ic

new. Most of the new and edible species are illustrated in the

colored double plates.—J. M. C. •

ed. The
A NEW

first part (pp

red jut

fascicle 6 of Urban's Symbolae Antillanae has appears
.^ ^

»p. 1-13) is a continuation of the botanical bibliograp v o_
maw pan ^pp. 1-13J ,s a continuation ot tne Doram^i v"""y\

afetJt

West Indies. The second (pp. 14-158) is a very interesting and app^ ^
complete series of biographical notes of botanists who have visite

sWarming, Eug., Sur quelques Burmanniac^es recueillies au
^''J*^,,

A. Glaziou. Bull. Acad. Roy. Sci. Danemark pp. 173-lS8 -
pk-3~4- fiss-

''"

Symb
dentalis. Vol. III. fasc. I. pp. 1-160. Leipzig: Gebriider Borntraeger.

90:
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Mies. The last two pages begin the presentation of Piperaceae by C. de

Cadoile.-J. M. C.

Itlt 1HIKU fASClCLfc.' OI naiilLS) » iivrwvj «-» ' <*w- n
{feting the first volume. The previous parts were noticed in this journal for

(p. 290) and December (p. 419)- The Present Part includes from

r™,i„^« „ r»: a „i„^„^ ..,;.!, ., f„n inHpy of the whole volume.
rcssulaceae

Tie first fascicle 8 of the second volu

Compositae complete, and the beginnii w

The second, third, and fourth fascicles of the fifth volume of

tome's Flora von Deutschland have appeared. As stated in a notice of

* first fascicle (Bot. Gaz. 33 : 7 1 . 1 902), this volume deals with cryptogams,

excepting pteridophvtes, which appeared in the first volume, and is the work

• Walter Migula. The three fascicles received continue the presenta-

* of the mosses, and contain twenty-three plates, eight of which are

colored.— T. M. r
'

I

Bes

•ed--J. M. C.

The sixth fascicle 9 of Engler's great work on the genera and fami-

of African plants has just appeared, containing the Anonaceae by Engler

Diels. Twenty-two genera are recognized, three of which (Asterant/ie,

warpidium, and Uvariastruni) are described as new, and related to t e

W genus, Uvaria, which includes forty-nine species. Numerous ne«

J«'esare described, and the thirty lithograph plates are models for sue

wastration.— T m rWration.—
J. m. C.

the second edition of Dorflers useful directory of botonists '°

J*

5 *"5 '

* is^d. h has the same form and arrangement as the now well-kno*

****. This one, however, contains 9.815 addresses, as against V 55

^ first. The increase, both in number and accuracy, of the addresses

*ted States is very marked. Mr. DSrfler renders the botamcal »orld *

n« service in this publication-a service whose drudgery no
,

on
c

ec-te who has not been through it. As the volume is P
ubhsbed

J\,n "* botanists can reduce this and benefit themselves by purchasing

copy.— r t> ^^-C R. I,

Uipz
***** E. de, Conspectus Florae Graecae. Vol. L fasc III. PP- 57H**

l21
8 : ^ ilhelm Engelmann. 1901. M 5.

** Vol. II. fasc . L ppi t _256 . I902 .
.

"*• Vo1
- ". fasc. I. pp. 1-256. 1902. M6.

en VI
'KnGLEr A

; Mon hien afrikanischer PflanzenfamiHen unc
'

Gattung

[ d ig ,

nac«e, hearbeitet von A. Engler und L. Diels. 4*. PP- ^ ^ 3 '

m Fn«ai„. °
* m Engelmann. 1901. M 22.
^

->S«roann. 1901. M 22.
ind \dressen der

!«Wh
,ER

' U Botaniker-Adressbuch, Sammlung von Namen ^^
rndea

Botaniker ,,.„ r ^- a„. hnfanischen Garten und der a

**be
periodischen

Publication.:. . ^^ ^~~"Wi vjeseuscnarten una pow««-—
,

.
Iete und vermehrte Auflaw. 8vot PP- *+SJ*- wie
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The parts of Engler's Pflanzenreich are appearing with remarkable

rapidity. The eighth has now been published, 11 containing the Aceraceae

(family 163 of the spermatophyte series) by F. Pax. The two genera are

Dipteronia, a monotypic Chinese genus, and Acer with 114 species, 8 of

which are new. The monograph is admirable in its painstaking care. Thir-

teen sections of Acer are recognized as follows: I. Spicata (30 spp.), II

Palmata (6 spp.), III. Trifoliata (6 spp.), IV. hitegrifolia (6 spp.), V. Indu

visa (9 spp.), VI. Rubra (4 spp.), VII. Negundo (3 spp.), VIII. Glabra (1 sp.j,

IX. Platanoidea (13 spp.), X. Campestria (10 spp.), XI. Macrantha (12

spp.), XII. Lithocarpa (9 spp.), and XIII. Saccharina (5 spp.). At the close

of each section the geographical distribution is given and also the fossil

forms. One map shows the distribution of the thirteen sections, and another

the distribution of the fossil groups.— J. M. C.

Dr. Gy. Istvanffi I2 has produced a monumental work in publishing

with editorial notes and commentaries the mycological classic of Charles de

l'Escluse. This work, whose full title is "Fungorum in Pannonis Observa-

torum Brevis Historia," was published over 300 years ago, and is the founda-

tion of Hungarian fungology and, to the honor of that country, the first

scientific essay on mycology. Istvanffi's paper is a large quarto volume con-

sisting of the following seven parts: (1) an exact reproduction of the Fun-

gorum Historia, (2) historical investigations on the origin of the code anc

the determination of species, (3) biographical notes and an autobiographical

sketch of l'Escluse, (4) a synoptical table of species, (5) the correspondence

of l'Escluse, (6) catalogue of letters addressed to him, (7) the reproduction

of the code with chromolithographs facsimiles of the original water-co or

sketches. These last are very interesting, and apparently cxea,t*L ^
great accuracy. When not presenting original manuscripts Istvan a-

written in Magyar, followed immediately by a translation in French.—

Davis.

The seventh part of Wiesner's Die Rohstoffe des Pflansenretcnes ^
issued in December last. The seventeenth section on Woods (to w ic

^
previous part was devoted) is completed, and the treatment of fibers e

^J
This section is by the author himself. The anatomical structure, P^
and chemical characteristics, and methods of identification

bypoa
^

colors, anatomical peculiarities, and microchemical tests are descri »^
synopsis of fiber plants follows, the phrase being liberally construe "f^^
by the inclusion of such plants as Zostera marina (used in Venice or p

Heft ^ ,

"Engler, A., Das Pflanzenreich. Regni vegetabilis conspectus.^

Aceraceae von F. Pax. pp. 89. Leipzig: Wilhelm Engelmann. I9<>2 -
l

^

\

t iq00.

Istvanffi, Etudes et Commentates sur le Code de l'Escluse.

M.S.
'3 Volume II. pp. 161-320. figs. 45-75- Leipzig: Wilhelm

Engelmann.

1
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ghssw.

coma). The major part of the section, however, is devoted to an account of

5 fibers used in the arts. Only 9 of these are treated in the present part.

The eighth part 14 has just appeared, completing the account of the fibers

-rred to above, and beginning the nineteenth section on subterranean

> This section is an abstract of a paper prepared by Dr. A. E. v. Vogel,

ssorof pharmacognosy and pharmacology in the University of Vienna.

—

parts

C R. B.

Wi-~ **«i\jkjx-% 1 ui mju.iy Lctuacu uy udi ainut in vv iacuiwi« •** v«^ j~— - 7 -

estimated by Professor R. A. Moore IS in a recent bulletin to be $6,387,500,

animating the value of a bushel of oats at 35 cents. These figures were

*tained as the result of careful estimates of the percentage of smut on 173

« in 16 counties of the state by the author of the bulletin, and on 124

™s in 28 counties by former students, representing in all observations in

;
counties in the state. The latter's estimates gave an average of 15 per

t- smutted stalks, while the author's calculations, made ten days later,

^en the smut had more fully developed, gave 20 per cent. The determi-

aaon was made by throwing a barrel hoop at random into a field and count-

- ^ total number of stalks inclosed and the number of those affected

•"W Several determinations were made in each field. It was found that

**& sown with oats that had been soaked, and dried, before sowing for

minutes in a solution of one pound of 40 per cent, formalin in fifty

5 of water were entirely free from smut, even when grown beside fields

m so treated and accordingly very badly smutted.— Ernst A. Bessev.
T""

first part of the studies "On the relation of phyllotaxis to

ibers

'symmet

^callaws," by Arthur H. Church, was noticed in this journal ( 32 :
427.

^ «» which the theory was elaborated that " the arrangement of lateral

"""^ on a shoot-apex is posstbly the expression of the symmetrical or

"cal distribution of growth-energy in the growing apex, and in a

or which uniform growth is postulated the appearances are to be

3d * terms of the phenomena of vortex construction, and represented

rf'f >• by the same geometrical construction as the lines of equal pres-

£** circular or spiral vortices respectively." Such coupons of

r*1 growth do not usually obtain in a growing apex, but their consjdera-

mus
< precede that of varying and diminishing rates of growth, in t^W now before us. the special cases of phyllotaxis are cons.dered

°'Ume IJ - PP. 321-480. figs. 76-uj. 1902. M 5-

I* *£ K" *, Oat smut in Wisconsin-prevalence and method of ersdrcauon.

'
9I W»* Agr. Expt. Sta. pp. i S ,figs. *, F 1902, Madison.

flC^^ 0n ^e relation of phyllotaxis to ^f^^ wilJianiS

« J an
<* Symmetry, pp. 79-2ll . p/s . 1 1-25 . figs. 3^°' °%W
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under the following heads: (i) Asymmetry of the normal Fibonacci series,

(2) Symmetrical construction, in which the Fibonacci ratios are lost, (3) The

special case of "least concentrated" asymmetry, (4) Non-concentrated sym-

metry, (5) Multijugate systems, and (6) Anomalous systems. Subsequent

sections will include the consideration of secondary disturbances in the pri-

mary system, the relations of dorsiventral primordia, deductions from the

mathematical investigations of the log. spiral systems, and the relation of all

these factors to the interpretation of floral structures in the form of floral

diagrams.— J. M C.

NOTES FOR STUDENTS.
L. Guignard'7 has discovered "double fertilization " to be a common

phenomenon among the Ranunculaceae. To the species he had previously

announced in 1900 (Caltha palustris, Ranunculus Flammula, Nelleborus

foetidus% Anemone nemorosa, Clematis Viticella, and Nigella sativa) he now

adds Nigella Damascena and Ranunculus Cymbalaria. Nawaschin published

double fertilization in Delphinium elatum two years ago. Double fertiliza-

tion, therefore, may be regarded as a general habit among Ranunculaceae.—

J. M. C.

David Griffiths i8 has described the self-burial of the seeds of N**

tago fastigiata in the desert region of southern Arizona. His conclusion

that the function of the mucilage is the burial of the seed, and that it is

accomplished by the tension set up owing to the contraction of the expan e

mucilage which has become firmly attached around its outer and lower edges

to the particles of soil into which it has penetrated, resulting in a compacting

of the soil immediately below the seed and its coat so as to form a pit into

which the seed is forced. The cup-shaped depression is subsequently G e

with earth by entirely external influences.—J. M. C.

In a recent contribution I9 from the Gray Herbarium, M. L. em

presents the northeastern Carices of the section Hyparrhenae, reaching-co

elusions very different from those generally accepted by American
^

gists. After discussing in considerable detail the more important ^
u€St

^.

he presents a synopsis of the forty-one recognized species, including e ^
tions of four new species and ten new varieties. In the second p

contribution the variations of some boreal carices are discussed, t e sp^

being C. aquatilis, C. pilulifera, C. communis, C. pennsylvanica, C ** e

Botanique 15 -39H
08*

C vaginafa, C. saltuensis, and C. capillaris.— I. M. C.

17 Double fecondation chez les Renonculacees. Jour.

figs. f-/6. 1 90 1.

28 A novel seed planter. Bull. Torr. Bot. Club 29 ?
164-1&9. l9° 2

'
. r er

f Harvard Ls i%c

19 Fernald, fit, L., Contributions from the Gray Herbarium ot n ^
sity. New Series, no. 22. Proc. Amer. Acad. 37 : 447-514- Pls-

l~& l9
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Recently Zimmermann 20 has described some remarkable bacterial

nodules which occur in leaves of various Rubiaceae {Panetta lanceolata, P.

mputifolia, P. indica, and Grumilea micranthd). These nodules consist of

aasses of spongy parenchyma, the intercellular spaces of which are filled

with bacteria. No mention is made whether the bacteria in any way affect

e cell walls. The author supposes that the bacteria get into the leaves

mghastomate which he finds immediately above each nodule on the upper

W surface. He made no determination as to a possible causal relation

ktween the nodules and the bacteria, reserving this for further study.— H.

SCBKESK.

F. W. Oliver 21 has described a sporangium of one of the paleozoic ferns,

which an interrupted ring of tracheal elements occurs between the wall

• the sporogenous tissue, in the position of a tapetum. The tracheae are

Rtth* He

sperm

Alined to refer the sporangium to the Botryopterideae, and since these

m hold certain anatomical relations to the Cycadofilices, this vascular

sporangium becomes suggestive of the possible character of the unknown

^gia in the latter group. Of course the occurrence of tracheal ele-

^nts in the meg

j

' "

feo*n.-J. M. C.

A-C. Seward and Elizabeth Dale" have described the four species

* %eris, a genus of eastern Asiatic and East Indian ferns, giving foil

*»vmv
; have presented in detail the anatomical structure of D. conjugate ;

•focussing the affinities of the genus as indicated by anatomical characters

£«^ning these characters with those presented by the sporangium and

TIT and venati°n of the fronds, have reached the opinion that Dipter

?* be rernoved from the Polypodiaceae and included in a separate

f% of which it represents the solitary surviving type ;
and have trac^

*'logical history of the genus, which supports the statement that he

"" * Dipteris are remnants of a family with a wide European distribute

n
? ^e earlier part of the Mesozoic—J. M. C.

JJ **KBm the EMBRYO of Nymphaea, Henry S. Conard* has a

I
®* to compare it with that of Nelumbo as recently described b^H.

W d n°ted in this journal (33 : 165. 1002.) There is m both the a

^embryo ..

coJisting hundreds of cells, but **g£X
[

SUsPensor of three to five cells in linear series. In M P

,rbu
,E

;
MANN

- ** Uber Bacterienknoten in den Blattern emiger n

n

^ ascu!ar sporangium from th£ Stephanian of Grand Croi .

h
The New

J-
—"• **«s^, i 1&1&& i

' 60-67.//. /. 1902.„ "
u°-07. //. /. 1902. logical history

^^CeH?UCtllreandaffinitiesot ^Pteris, with notes on the geo
I(?0I .

,
Pteridlnae. Phil. Trans. Roy. Soc. London mt&-$* *
)te «* the embryo of Nymphaea. Science 15 • 3* I0°2,
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spherical mass of cells gives rise to two opposite and distinct cotyledons,

with the plumule between them. Later the cotyledons become hemispheri-

cal and concave, applied against each other all round by the edges, and

enclosing a central cavity occupied by the plumule. This seems to indicate

that the embryo of Xelumbo must be regarded as dicotyledonous and unsym-

metrical, rather than monocotyledonous with a tvvo-lobed cotyledon.—J. M. C.

George H. Shull 24 has made a quantitative study of variation in the

bracts, rays, and disk florets of certain species of Aster. His conclusions

are that there is a close correlation between bracts and rays, arising from the

fact that the rays are axillary to the bracts ; that the degree of imbrication

of the bracts bears a relation to the number of empty bracts ; that in a single

group of specimens of A. prenanthoides the number of bracts, rays, and disk

florets decreases continuously from the beginning to the end of the flowering

season ; and that the character of the curves and the position of their means

and modes likewise change continuously. Curves and constants were deter-

mined for the material studied ; and constants determined for several indi-

viduals of A. punictis, growing in identical surroundings, indicated how great

variations may exist in the variability constants of individuals.— J. M. C.

In his third paper 2* on American ferns, Professor Underwood discusse

the order of their relative importance, are (i) type of venation, (2) habit a I

growth characters of stem, (3) position of sori in relation to veins, and (4)

indusial characters. His history of the migration and shifting of generic

names and limits reveals a tangled mass of nomenclature, and proves the

necessity of some agreement for anchoring generic names. The fifteen

American genera of Aspidieae, only three of which are represented to the

Northern States, are recognized as follows : Leptogramma J. Sm., Phegoptern

F6e, Plecosorus Fee, Polystichum Roth., Cychpeltis J.
Sm., Didynwchlaer^

Desv., Camptodium F£e, Dryopteris Adans., Phanerophlebia Presl, Gonup
Baur

Tectaria Cav., and Sagenia Presl.— J. M. C.

Another paper proving that the pollen mother cell of Asclepias gn<

rise to four microspores has just appeared.26 Strasburger 27 and Frye,

24 A quantitative study of variation in the bracts, rays, and disk florets <>

Shortii, A. Novae-Angliae, A. puniceus, and A. prenanthoides, from \ ellow
* p

Ohio. Araer. Nat. 36: nr-152. 1902.

^Bull. Tor. Bot. Club 29 : 121-136. 1902.
. „rcoun t, in

the genera of Aspidieae. The several characters he takes into

n in 4sclep
^Gager, C.S., The development of the pollinium and sperm ctu^

Corntiti, Annals of Botany 16: 123-148. //. 7. 1902.

** Strasburger, E., Einige Bemerkungen zu Pollenbildung bei Asclepias.

Deutsch. Bot. Gesells. ig: 450-454. 1901. ru
Frye, T. C, Development of the pollen in some Asclepiadaceae.

32: 325-330.//. 13. 1901.
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work was done independently and whose results were published almost

Sffiultaneously about six months ago, made it plain that the mother cell

s rise to a row of four microspores. Both writers based their conclusions

ipoo a cytological study of the mother cell, and the mitoses which occur as

mother cell gives rise to the four spores. Mr. Gager traverses about the

ftme ground and arrives at the same conclusions. Four years ago W. C
ens 29 made the statement that " in Asclepias Cornuti the pollen mother

cell divides twice, producing a radial row of four pollen grains." The state-

ment is made as if the writer were referring to an accepted fact, and not as if

fewere making a contribution. Being referred to in this incidental way, in a

iper devoted to a study of the kinoplasm and nucleolus, this unconscious

contribution might possibly have been overlooked even if it had appeared in

* journal of wide circulation ; but appearing as it did in a university quar-

ry, it was as thoroughly buried as if it had been published in an agricul-

W bulletin. Real contributions to morphology or cytology are so infrequent

* such publications that they are almost sure to be lost unless the investiga-

^ ^ppens to recall them on account of personal copies among his separates.

°ne of the four papers is sufficient to prove conclusively that in

Jjfcpms the pollen mother cell gives rise to four pollen grains, instead of

H transformed directly into a single pollen grain, as was formerly sup-

P^-Charles
J. Chamberlain.

Stems of taxonomic interest are as follows ; B. L. Robinson (Rhodora

'•

J5-73.#.
fj. i Q02 ), in presenting the New England species of Polygonum

: section Avicularia, has described a new species (P. Fowleri).- Arthur™m (Jour. Bot. 40:145-149. 1902), in continuing his " Notes on Pota-

n .

' describes two new species (P. rectifolius and P. strictifohus) from

JJJ*
States— E. L. Greene (Ottawa Nat. 16: 32-34. 1902)

.

five new species of Ranunculus from various regions of the Unit*

fee

has

^!
and C^ada.- N. L. Britton (Torreya *9 : 43- '902) has described a

,

reperomia from the TslanH n f R* TTi^ Rritish West Indies.— Taubert

+ ** Ro>-- Sci. Danemark. pp. IJS-IT* M- 3~4- ^^™ descri^^:*— («-SL* and Trismus) tf*-—
c°l'ect,ons of Dr. A. Glaziou.

Botanique

f*-394.
igoi) has described a new Brazilian genus {EpMephans)

which

*>* Luxembourg in the family (Luxembourgiaceae) he has set apa

O^aceae. He has also described {idem x6: 33-47. ^f^cl
^\^{Setouratea

t CampylosPer)num t
^ ^etaria) otOcUn,^

^BEHG (Bull. Tor, Bofciub a9 : uS-i*. W*\* ^-jj
^

e^led -Studies on the Rocky mountain flora," describes new spec*.

* MW
VEN " W - C- The ^havior of the kinoplasm and nucleolus in the *****

^r,8

"

8

m0ther cells of Asclepias Cornuti. Kansas Univ. Quarterly 7-
n
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of Aquilegia (4), Delphinium (5), Aconitum (4), Anemone (3), Clematis (2),

Atragene (3), Ranunculus (4), Papaver, Argemone and Bicuculla.— G. E.

Osterhout {idem 173-174) has described a new species of Hesperaster from

Colorado.— Elsie M. Kupfer {idem 137-144. pi. 8), in studies of certain

genera of Pezizineae, reestablishes Urnula, determines the relationship between

Geopyxis and Urnula, and establishes the new genus Chorioactis (Pezizaceae).

J. M. C
William H. Lang 30 has been able to secure in Ceylon abundant pro-

thallia of Ophioglossum pendulum and Helminothostachys zeylanica for stud}

The subterranean, tuberous, saprophytic character of the gametophyte of

Ophioglossaceae is well known, and in the main these studies bear out those

of Campbell and Jeffrey on Botrychium. In Ophioglossum the prothallium

is usually branched, the short branches radiating in all directions; while in

Helminthostachys there is a lobed basal portion from which arises a cylin-

drical process bearing the sex organs. In both an endophytic fungus is

present. The antheridia and archegonia, so far as their development and

structure were determined, present no new features. The author discusses

the problematical relationships of the Ophioglossaceae, from the standpoint

of the gametophyte, including its anatomy. He is inclined to believe that

there are no constant characters of morphological value that indicate affinity

between Ophioglossaceae and the Lycopodiales. On the other hand, the form

of the prothallium, the structure of the sexual organs, and the embryogeny

of the Ophioglossaceae are to the author such as might be expected in sap-

rophytic forms derived from prothallia of the general type found among

Filicales.

In this same connection reference should be made to the alga-like pre

thallium of Schizaea bifida, an Australian fern described by A. P. *•

Thomas* A similar prothallium has been described by Mrs. Britton an

Miss Taylor for S. pusilla, as noted in this journal (31:363- l 901 )-

prostrate filaments give rise to erect ones that branch profusely, rising to a

the

height of 3~4*» These prothallia differ from the well-known filamentou^

ones of Trichomanes in that they are completely filamentous throughout,
•

venter of the archegonium being entirely free, and even narrowed at t^

base, remarkably resembling the archegonia of bryophytes in this rega

J. M.C.

The question of absorption and excretion of water and so

foliage leaves has been made -the subject of a long and varied sene

bv

of

^On the prothalli of Ophioglossum pendulum and Helminthostachys uy#*

Annals of Botany 16: 23-56. J&. /-j. 1902.

31 An aiga-like fern prothallium. Annals of Botany 16 :
165-170- IQ02-
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xperiments by Dandeno.^2 His most important conclusions are as fol-

!. Wilted leaves absorb water when their surface is wet with this sub-

stance.

- Solutes are absorbed in the same way. Certain plants {e.g., Thunber-

Musticia) may be so arranged as to take up in this manner all the solutes

wessary for growth. In the case of Justicia, plants whose leaves were

ied with solutes for seventeen days contained at the end of that time

«& to the amount of 17.89 per cent, of their dry weight; similar plants not

50 supplied contained only 16.37 per cent, of ash.

3- Solutes diffuse outward from leaf tissues when the surface of the leaves

w« with water. These may be resorbed as stated under 2. Guttation

?s (tomato, Impatiens, Phaseolus, etc.) and dew drops upon leaves contain

»te, mainly CaC03 . When evaporation is too rapid for 1 '— —""*»«

take place, incrustation results. Distilled water left in

«es usually becomes alkaline.

contact with living

^bed and transmitted throughout the leaf. If they have a bad ettec

*» tl>e leaf, this may be in one of two ways : (a) osmotically they may

**t water from the leaf cells, thus causing plasmolysis and evident trans-

** of the affected parts through the presence of water in the intercellular

J^ (*) they may affect the cells in a chemical way, in which case no trans-

**** ^ produced. Ascent in the veins takes place at a rate proport.ona

™ the length of the veins; the outline of the affected portion of the leal

**y time similar to that of the whole leaf. ,

J-
C« twigs of Salix in early spring show more rapid and better deve P

7* the buds when supplied with distilled water than when *«PPlied "'
*

?*** medium.
I t is immaterial where this water is absorbed, wh he-m medium. It is immaterial where this water is aworocu. -- -

J*fJ
^ng ,eaves, through the cut ends of the twig, or through^ grown out. Water cannot be absorbed through the **•

"* experiments are not well summarized, and theoretical srf
^

^«* jumbled with demonstrated facts, so that the paper isid.

.

*be methods by which the experimentation was conductea
t

^ribed. and for the points enumerated above they appear
_

s

Z^T °ther series of experiments are so unsatisfactory that it se

^ ^
S?,*^** *»• be« omitted with an ^^^TL^ cited.

e as a »K„u a .. - ,:. ...«, ;« rited, but poon>- - whole.

:

«H6t

-«««:. A ratner copious meraiuic ™
visgSTon.

Preferences being incompletely given.-BuRTON E. U
rv— onueous solutions

N°. J- B., An investigation into the effects of water an^^^ of the

common inorganic substances on foliage leaves.Can- tomm^adla
« Institute

7:238-350. 1901.
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In his paper on causes governing the direction of branch growth Baran-

etsky 33 presents some new results of experimentation in this field. The author

used entire plants, a number of woody and several herbaceous species being

brought into requisition. The stems and branches were first bent into vari-

ous positions and held thus until a geotropic growth curve had resulted, after

which the plants were freed and placed upon a revolving klinostat. One of

the most important results of the study of these rotating plants is the dis-

covery of what is termed " opposite bending." By this the author means that

phenomenon wherein the plant not only straightens a previously formed geo-

tropic curve, but passes the original vertical position and bends in the oppo

site direction. After the first opposition curve is formed, a return to the

original curvature may result, giving a pendulum-like motion of the tip,

which exhibits several vibrations of gradually decreasing amplitude, until at

length the normal position is reached. Such curving is ascribed to an accel-

erated growth on the concave side, of sufficient vigor to throw the tip beyond

its first position. This then stimulates growth on the new concave side, but

with lessened intensity, thus producing the vibration just noted. In his

explanation of this opposition curve Baranetsky differs from Vochting and

Czapek, who hold that the increased growth on the concave side is mere!}

sufficient to return the tip to its original position. Baranetsky also suggests

that growth on the concave side may be aided by an inhibition on the convex

side due to stretching of the cells.

Baranetsky carried on observations in the field as well as by laboratory

experiments. The forms studied are divided according to their behavior

into three types: the Prunus type includes Aesculus and Euonymus; te

linden type includes Ulmus, Fagus, Crataegus, Ceitis, and Corylus ;
and re

needle-leaf type includes the pines. The first group is characterized by t c

upward turning of the side buds, the second by their downward turning,

the third by the wavy branches and sharply turned up tips. For the

type the author states the four following points : (i) physiological bllater

^;
is absent

; (2) lateral shoots behave as main shoots ; (3) all shoots are^
tively geotropic ; and (4) each curve produces an opposition curve whic nj^

either lessen or overcome the geotropic curvature- For the second ant ^
types he finds (1) that weight plays an important part in directing t e p

tion of branches
; (2) that geotropism is very powerful, often forcing ^^

to a vertical position even irj nature ; (3) that epinasty is so slight that

ercome
eail

_ „ B*WfJ ^MW 111* gW«^^ «- - ~
atly

In general, the author finds that the response to geotropism wm ^^m different species even within the same genus. Nowhere was it ou

a weight stimulus caused growth.— P. G. Wrightsox.
4e~tederBaum-

» Baranetsky, J., Ueber die Ursachen, welche die Richtung JW*
and Straucharten bedingen. Flora 89 : 138-239. 1901-
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Dr. H.
J. Webber in an interesting paper 34 gives the results of his fur-

4er studies of Zamia. The two Florida species, Z. floridana DC. and Z.

fallal., were formerly incorrectly referred to Z. integrifolia Jacq.

It is an interesting fact that development proceeds normally for several

U

- .

5 after the strobili have been removed from the plants, so that even livin

ermatozoids may be secured from such material. The movements of the

spennatozoids were studied in a sugar solution.

Although the germination of the microspores was not studied in detail, it

« probable that there is an evanescent prothallial cell in addition to the per-

«* prothallial cell and antheridial cell, (second prothallial cell of the

•for) which are conspicuous in the mature pollen grain. After the division

*Ve antheridial cell to form the stalk and body cells, the persistent prothal-

(

a11 and the stalk cell become filled with starch and the former arches

1:0 *e latter so that there is often the appearance of one cell entirely sur-

M the other. The blepharoplasts first appear in the body cell (central

an<i are formed de novo from the cytoplasm. They are at first very

J*
1 bejng scarcely more than points where a few radiating filaments con,

e
- but as they increase in size, a surrounding membrane and vacuolated

!

eMs can be seen. Shortly before the division of the body cell, the

«alU
PaSSeS thr°Ugh a synaP s'S stage which is regarded as normal and not

,d«e to reagents. The spindle is developed while the nuclear mem-

« « still intact. It is apparently entirely of nuclear origin and none of

*
erS have any connection with the blepharoplasts. During the equatorial

sta?e, th e blepharoplasts break up and in an early anaphase the con-

.

ave entirely disappeared, while the outer membrane soon breaks up

JTT* gmnules
- which d™g the formation of the cell plate begin to

2,
f°rmin« the cilia-bearing band. At first, the band is located in the

Z" m"*y between the nucleus and the periphery of the cell but it

J"fof moves out and becomes appressed to the plasma membrane,

1 kr™ a helicoid spiral of from five to six turns. The entire sper-

<*J metam°rPhosed ^to a spermatozoid, there being no differentiation

J^oxoid within a mother cell. The mature spermatozoids are the

foe m;
n°Wn iD an

-
v Pla"t or animal, being visible to the naked eye. TM?

c m '1 -' ' °
. ^iA movement ot

.

J*

"*»% by means of cilia, but there is also an amoeboid mov
** end.

'J-

***** the entire spermatozoid enters the egg, but the n deus

;> out from the ^ sheath; leaying the cihiferous band - the

f
an

Tk
°f «* *gg. The nucleus moves on and fuses m* *• «

Fhe^ is a fuS ion of cytoplasm with cytoplasm and nucleu

HVf
-Bber I] r a f y ,nm tt & DePL oi

%re R
J " : SP«matogenesis and fecundation of &&*-

* Bureau of Plant Industry. Bull. no. 2. pp. *-W* & f* *
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Webber still believes that the blepharoplast is not the homologue of the

centrosphere or centrosome because it differs from the centrosome "(i) in not

forming the center of an aster at the pole of the spindle, being located

entirely outside of the spindle in Zamia, Cycas, and Gingko; (2) in having

no connection with spindle formation
; (3) in being limited to the division of

a single cell, thus to one cell generation, no similar organ appearing in an

other stage of the plant's development, so far as known ; and (4) in having a

function differing from that of any typical centrosome, so far as known in

plants."— Charles J. Chamberlain.

The transmutation theory of Darwin does not, according to Korschin-

sky, 35 explain how variations come about nor the origin of new forms. As .1

study of the wild forms alone could not solve the problem, he turned to the

cultivated plants for a solution, and asserts for the latter that "no breeder

has ever operated with individual variations for the production of new races,

and that there has never been observed a heaping up of such variations.

On the other hand, all new varieties (with the exception of crosses) whose origin

is known developed as sudden variations of true species or hybrid form*

May not these sudden variations play the same role in nature, and may not

this be an explanation of the discrepancies between the nature and occur-

rence of variations and the Darwinian theory ?

The existence of sudden variations was well known to Darwin, but he

iaid little stress on these, holding them to be abnormal and exceptional.

This sudden appearance Korschinsky calls " heterogenesis," and hopes to

show that it is "though a rare yet completely normal phenomenon among

plants and animals, and plays in their development an extraordinarily impor-

tant role." The characteristics of heterogenesis is the topic of this PaP
er
<^

be followed by another in which its role in the origin of species is to

treated.

The history of the term "heterogenesis" is traced to Kolliker ana

explanation given, whereupon many cases of sudden variations are brougT

up and discussed. The sources are mainly French. He sums up to so

that there appears suddenly a new race as fixed and as constant as t *
existing from immemorial time. Some persons have explained these^

cases of atavism, others as monstrosities ; but Korschinsky belieV"
-

n
"heterogenesis often makes it possible for atavism to show itself," and ap

i

Functionil

disarrangement of organs is an accompaniment of some, and these V* ^
strosities; other variations, however, do not disturb the v" 1 ,,nC

'ital

Thcoric if

35 Korschinsky, S., Heterogenesis und Evolution. Ein Beitrag i™ ^ ^.^
tehung der Arten. Translated from the Russian by S. TschuloEntstehung der Arten.

Flora 8g : 240-363. 190 1.
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ieorganism and give rise to particular races." Considering all morpholog-

ical peculiarities and physiological qualities as the results of heterogenesis,

*e must acknowledge that they do not differ in general from other types or

xes existing from time immemorial, and which latter, based on the Dar-

rinian theory, we ascribe with confidence as having developed by means of

islow heaping up of characteristics and continuous selection. As, however,

*e bow nothing of the way by which the forms of all wild and the greater

proportion of cultivated plants have come about, there comes the question :

event of the development of new forms by way of heterogenesis so sel-

and exceptional ? Does it not occur oftener than we think, and does it

Piaya certain role in the evolution of forms in the plant kingdom?

e takes up variability in garden plants under the most prominent forms,

»d discusses the many observations that have accumulated. Some of his

W topics are variations of growth, variations of stem, of crowns, form of

kves, color of leaves, color of flowers, in structure of flowers, variations in

j^ng, and in fruits. On the basis of this study the peculiarities of

•oogenetic characteristics are to be found in the more or less prominent

r
< 'ions readily distinguished from the combinations of unimportant var.a-

^ which make up an individual in a group of its kind; that is, m the

'
hybridity or heterogenesis, there will be no characteristics

'^distinguishing one individual from another.
Tl« direction of variability and the characteristics of heterogenic vana-

500K out an interesting discussion of sports. It is characteristic of hetero-

«'c variations that they are constant, not only by vegetative reproduction,

^ when propagated from seed, although, especially in the first genera-

te aberrant forms may appear. ,

lnhemance and variability, whatever their real causes, may be thought o

forces hidden in the organism, as two antagonistic tendencies. Lnde

° Virions, we have the identity of succeeding generations, but the

c
>' t(> vary is not constant. " It (the tendency to vary) must so to

ahseace

ermal

lather the

^e th

^aiy cucrSy auring rc

1^_
e P°wer of inheritance and«aem l

'"^nidutc cum iu gtv^ •** —
, rhan£es

»«ha„ism resuhi jn „ce mus, be sought ,n the « s

^Paceinthesexual products that is. either in the poll*. « »£
*«rfiue

°aUSe °f this chanSe -
and why

nced, remains completely inexplicable. „„,__GN
li'

*" "' -feteuces a, the dose covers five and one-half page* *



NEWS
A chair of bacteriology in the University of Edinburgh has been

endowed by the will of Mr. Robert Irvine.

Professor Flahault, the well known botanist at Montpellier, has

been chosen Chevalier of the Legion d'Honneur.

Dr. Johannes Christoph Klinge, of the botanical gardens at St.

Petersburg, recently died at the age of fifty-one.

Dr. C. S. Belli, formerly of Turin, has been appointed professor of

botany and director of the botanical gardens at Cagliari.

Dr. F. Cavara, formerly of Cagliari, has been appointed professor of

botany and director of the botanical gardens at Catania.

A very interesting account of the palm trees of Brazil has been

published in Popular Science Monthly for March by Professor JohnC. Bran-

ner of Stanford University.

Dr. B. E. Fernow, director of the New York State College of Forestry,

will deliver a course of lectures on forestry at the University of California m

the coming summer session.

Professor G. Poirault, director of the laboratory at Villa Thuret, has

been elected .professor at l'Ecole Nationale d'Horticulture de Versailles *

place of Professor Cornu, deceased.

The Danish government, which has done so much for the exp orati^

of western Greenland, has sent a party to the east coast for the purpos

botanical exploration. Dr. Kruuse is the director of the expedition.

The seventy-second annual meeting of the British Associate

^
the Advancement of Science will be held at Belfast, beginning Septem er

The president of the botanical section is Professor J.
Reynolds Green. ^

The address of Dr. Envin F. Smith as president of th* ^ {h .

meeting of the Society of Plant Morphology and Physiology, on "Pan P

ology: a retrospect and prospect," is published in Science for Apri
"

• _
Attention is called to the rules for citation printed on the pag^^^

ing the table of contents. It is to be hoped that every contribUt0r

^cript.

leading articles, will be guided by them in his preparation of manus f~^

The Stokes prize for the best essay on the preservation o

flora has been awarded for the current year to Dr. r. »•

398
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I

osay is printed in the March number of the Journal of the New York Botanical

Garden.

Professor E. Zacharias, formerly director of the botanic gardens in

lburg, has been appointed director of the Government Botanical Insti-

'deof Hamburg, comprising botanical garden, museum, and laboratory for

economic work.

Professor B. D. Halsted has been compelled to give up his work

mime on account of illness, and as a consequence will not be able to give

Ae presidential address at the meeting of the Botanical Society of America

at Pittsburg.

Associate Professor CumMINGS has been placed in charge of the

apartment of botany at Welleslev College since the retirement of Professor

- active service, and all correspondence intended for the

department should be addressed to the former.

Professor A. N. Berlese, professor of botany in the University of

Sassar'
! has been appointed professor of vegetable pathology in the school of

culture at Milan. He is succeeded by Professor G. B. DeToni, now of

*« University of Camerino.

Gebruder Borntraeger announce a second edition of Warming's

Mrhck der okologischen Pflansengeographie, revised and brought up to

e b}' Or. Paul Graebner, whose previous ecological studies amply equip

* for a work of this importance.
the eleventh session of the Hopkins Seaside Laboratory, in connec-

***>th Stanford University, will begin June 9. The following courses in

**>' will be given by Dr. A. A. Lawson : Elementary botany, Introduction

« study of seaweeds, Plant cytology and microtechnique.

T"E Harvard Station in Cuba, at Colonia Limones, about twenty

c"*
fr0m C'enfuegos, is testing the possibility of repeating in the climate or

**« well-known Javan studies in the pollination of sugar-cane.

!Sin charge of Robert M. Grey, an experienced hybridizer.

»*• *>. T. MacDougal, of the New York Botanical Garden, has

^d fr°™ his tr ip to Arizona and Sonora with an extensive collection <*

l:

;:<^n and other *erophytes for the garden. Dr. N. L. Britton. Rnrec-

2 the ^en, has gone on a collecting trip to Cuba ;
and Professor F. S.

!S also collecting for the garden in New Mexico and Texas.

|S *** summer of , 9o2 two ecological expeditions will be sent ou

*****, of Chicago. Dr. H. C. Cowles will**££%£
tahd '» and the coast of Maine at the close of the session of tb* "

t0 Flathead Lake and the Montana Rocky mountains dur.nB

*Ptt.

** the Ij

Katahd

M
trty
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A price list of botanical laboratory supplies, recently published by

the Marine Biological Laboratory, may be obtained from Mr. George M.

Gray, Woods Hole, Mass. Special emphasis is given to marine algae, which

are sold in sets mounted on cards for demonstration purposes, and also as

preserved material for the laboratory. Types of fresh water algae, fungi,

mosses, and liverworts are also offered.

A list of economic and other fungi prepared for distribution b\ he

Division of Vegetable Pathology and Physiology has been published, prepared

by Flora A, Patterson. Each state agricultural experiment station is invited

to select fifty specimens from the list, and all over fifty may be considered as

in exchange. The benefits of this exchange are extended also to all who are

interested in the study of fungi from the economic standpoint.

In the latter part of March Professor C. B. Davenport and Dr. H. C.

Cowles of the University of Chicago conducted a party of students to the

gulf coast of Mississippi. The party was joined by Professor S. M. Coulter

of Washington University, Dr. W. S. Leathers of the University of Missis-

sippi, and Mr. S. M. Tracy of Biloxi, Mississippi. Valuable collections were

made of plant and animal material, and a considerable number of represent-

ative photographs were obtained.

In Ber. Deut. Bot. Gesells. for March 10 biographical notices of six

deceased members of the society appear. The notice of Albert der> •

hard Frank, who died September 27, 1900, at the age of 61, is prepar

by Friedrich Krtiger; that of Robert Hegler, who died September 29.

1900, at the age of 33, by G. Karsten ; that of Karl Dlfft, who
1

October it, 1900, at the age of 75, by Carl Holtermann ;
that of Sserge

IwanOWITSCH Korshinsky, who died December 18, 190°' at the age °

J*
by G. Tanfiljew; that of Maxime Cornu, who died April 3, 1901, at t eag^

of 57, by P. Magnus; and that of A. F. Wilhelm Schimper, who
1

^
September 9, 1901, at the age of 45, by H. Schenck. The last notic

accompanied by a portrait.
*
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REMINGTON
TYPEWRITER.

outsells every other

writing machine

Wyckoff, Seamans & Benedict

(Remington Typewriter Coop*")')
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GOERZ LENS Fined

to the

Snappa Magazine Camera
makes an ideal outfit and solves the problem

of taking pictures under all conditions.

All Successful Newspaper Men
use GO ERZ LENSES

They can be fitted to all makes of Cameras and

Kodaks and are the highest type of lens manu-

factured. Catalogue free from your dealer

OPTICAL W O R. K S
Room O p 5 2 East Union Square, NEW YORK

Our engraving
Of Wedding Stationery has
something to commend itself
to people of taste and refine-
ment over the common, ordi-
nary kind.

Our Prices

Are as low as work of our
standard can be named.

We send you finely engraved
plate and 100 of latest style
visiting cards for $1.50.

Monogram and initial work
a specialty.

High class correspondence
papers.

$. D. Childs * Co.

Established 1837

140-142 Monroe St.

CHICAGO.

STATIONERY
BY MAIL

Che University of £Mago Press

has exceptional facilities for filling mail orders

for the latest styles of stationery and otaer

fine papers

An Excellent Line of Whiting's Standard

Fine Writing Papers

all the latest styles, kept regularly in stock, fc>

boxes and by the quire

Whiting's Number One Quality

Standard Linen
are especially recommended

Monogram Embossed Paper and Pads *

all Sizes

Orders taken for Fine Engrav,

Calling Cards at Reasonable Price
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A Wonderful Material

!

PANTASOTE
Waterproof-Greaseproof—Stainproof

nbConproof and FIREPROOF ! Unlike other leather
aa*&s, it contains no cellulose, Tubber or other danger

-

adobiectionabl. _sub-
•ko, and is also en-
pa) ikrless.

?aatas3te does not peel
-ick, is not affectedby
% ttld or climate.

h Morocco leath-
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Awarded QOLD MEDAL at Buffalo.
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fore a«
Pantasote mumped on goods.JWTE COjDepfc Z, 29 Broad New York.
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IS FOR

Indianapolis

Dayton
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Jacksonville

StAugustine:

Tampa

Havana.
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=*n
ANO
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Spring
Years

Stand

Summer

of Excellence

Only True

Sanitary Underwear

SPECIAL LI6HT WEIGHTS FOR SUMMER.

ILLUSTRATED CATALOGUE FREE

NEW YORK:
BROOKLYN

:

BOSTv N

;

PHILADELPHIA:
CHICAGO:

/16 West 23d Street

\ 155-157 Broadway
1504 Fulton Street

S30-S33 Bovlston Street

9,4 Chestnut Street

62 State Street

Agents In mil Principal ONUS.

Route

FROM
CHICAGO

TO

Indianapolis, Cincinnati, Louisville,

the

South and Southeast.

DIRECT LINE TO

AsheviHe, N. C and Florida.

THE SCENIC UNE TO

Virginia Hot Springs and Washington,
D.C

via the Picturesque

CHESAPEAKE & OHIO RY.

W.J. LYNCH.G.P.&T.A.
W.P.DEPPE,Ass'tS.P.iT.A

CINCINNATI, 0.

J.
C TUCKER, G.N.A. 234 Clark St., CHICAGO
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Farandawayth&Best Developing Papermade
Ifyour printer cannot supply tou send 20c for one dozen 4x3 aise with Dereloper.

4oo THE ANTHONY <& SCOVILL. CO.
122-124 Fifth Ave., 17th and 18th Streets - - New York
Atlas Block; Randolph Street and Wabash Ave. • Chicago

BARGAINS IN VIOLINS
An opportunity
to get a fine in-
Btrament very
low. Students
violins (dated
1*700—1830) from
$50 up. Concert
instruments by
the old masters,
in fine preserva-
tion, from $150
np. Note these
few examples:
Testore 1750,

#150; Grancino,
$800; Pressenda, $800; Gabrielli, ttOO; Kl<*.

$125; Old Strad copy, $100, and many others. Foot

magnificent Strad ivarius, Guarnerias and Atnati very

low. Send for our beautiful catalog of old lolins

(Free). Contains historical sketches of the old muun
Of Cremona and Brescia from 1540; illustrated; with

fac-simile labels, also a descriptive list of old vioilM

possessing the pure mellow tone, and costing rrom

§25.00 to $5,000.00. A formal Certificate of Gmmnmm
accompanies each violin. Monthly payments aceep

A SPECIAL OFFERi oil vXiuwwi appn>?a>

and allow ten days examination. mAM^^mm
LYON 6l HEALY. 31 Adams St., Chicago.

Want

Genuine Bargain

in a Piano?

We have hundreds oi uprign Pianos "ffg**^
hy persons moving which must be disposed of atone.^^
can

P
n ^t make room for them in onr rt«*^J*~*^

Include Steinways, Knabes J- .scners^ Sterlings »n ^
known makes. Many of them «nnot 1taftW,^ wbm
new, yet all are offered at i

1
;
*™* ?"c™5

n*A. UDriehtsaslow asflOO. Veryeas:

ize mahogany pianos, with """^^eS for compW» »

""•~
The World's Largest

ALTON
If yotj will

&
^ WHO, WITHIN A YEAR,
USE FOR THE CHICAGO

(TERRITORY CO\

THE
WABASH NODEI

&
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1
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Uacation
Do you expect to ^J°£?\t£
vacation trip ^ ""f^
write for a copy of the

Wabash Summer TourW
giving a great variety* *«*£
fours with cost oft.aets

valuable '.nforrnation. ;„

about any tnp r°*J%L to help

mind. It's our busmess to
. ..

i those who travel. . • •

C.S.Crane,G.P/T.A. ( gfijStf*
Si. Louis, mo-
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1 Field
lourist
58S experienced tourist, one who has
•dthata good Field Glass is the extra
« that brings the out-of-reach into easy-

It is the same with the Sportsman,
Pntaan, Ranchman, Residents at seaside
F*wfitain.

«h 4 Lomb=Zeiss
BinocularSTEREO Glasses

R« Best in the World, used by the
?«™ navies of the great nations. Small,K ?

10" 8 FieId and power. Bausch
|

««o Binoculars stand next. Cost less.

[ AT ALL DEALERS

L
B0°KLET UP. TELLS WHY
Jh& Lomb OpticalCo.

HOCHESTER, N. Y. Chicago

**

vROWN

Noble

§a$te

in Tone

*n Appearance
Vilify

Unquestioned

nufacturer
bent
Chicago

VOLUTE

THE PERFECT PHOTO

SHUTTER
Fits Any Lens Precise as a Watch

This new shutter does anything the photographer can ask of it

automatically; any desired exposure from E*Pj«s Trains.

Athletes, and Race Horses to Time Exposures. The Smallest,

Best Made. Most Scientific. All working parts enclosed.

Volute Shutter and Bausch & Lomb-Zeiss Anasagmat or

Plastigmat Lens is an ideal combination for your camera.

Send for descriptive Booklet W. P.

Bausch & Lomb Optical Co-,

New York ROCHESTER. N. Y. Chicago

Mouse Proof
All oar organs have this important

feature. They are all

Mouse Proof

STYLE 4405
xrdble

We not only make the bes po

instrument, but;we^f^£ the

it shall give the be-\m-^ ouf
longest time. s££j£* desirable for

latest models, is espeevmy

rh.mel Use.

• BOSTON NEW YORK-
CHfCAGO



COPYRIGHT 1900 BY 7ME PROCTER A GAMBCE CO CINCINNATI

THE EXPERT CLEANER.

HERE are a score of things about the house that

you will not undertake to clean. You fear that

they would be ruined by soap and you intend to

send them to an expert cleaner, an idea that comes

down from a time before pure soap was made. The manu-

facturers of Ivory Soap are constantly asked if they know no

beautifully this or that material can be cleaned with ivory

Soap. The uses of Ivory Soap are too numerous to

told ; with it anything may be cleaned that will stand, tn

application of water. You can be your own expert dean
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In AM Forms
of B right's

ease, Albuminuria of Pregnancy, Uric Acid

esis.Gout, Rheumatism. Lithaemia, Renal
cull, and Stone of the Bladder
Ceorge Ben Johnston, Richmond, Va-

i

<T-

ASKED WHAT

1

-

Va^ ex-President Medical Society ofVtr-

minal Surgery, Medical CoUege of Virginia;

WATER HAS THE WIDEST RANGE OF
NESS, § WOULD UNHESITATINGLY ANSWER BUFFALO LITHIA. Iris a roost

rawdy in many obscure and stubborn conditions which, at best, yield slowly, t at aii

WK, ACID DIATHESIS, QOUT, RHEUMATISM, UTTi€MIA, and the »*, &*

effects are prompt and lasting.
st any case of Pyelitis and Cystitis will be alleviated by it and many cared. __^
shad evidence of the undoubted DISINTEGRATING, SOLVENT, and ELHUNATOHl

i *

IS

^^ «P the gravel-forming habit,

CALCULUS, and have known esetoP«*

agent n the treatment of the .Mflll M of Pregnancy

Scartatina and Tvnhoid Fever. In all tes of BRKHfFS
^x*® hopelessly advane , *£s good effects are

Prolonging many lives in this trouble.^

v^ believe

^V- Shoemaker, M.D., LL. D.f
Prof^or^fM ^^m^a

drurgieal College of Philadelphia, ete^m^^*SJSS-
BOFEALOLlTHU
t dissolves Uric Acid and PbospliatiC

id ft

in
*^ e a* the same time ** €xerts a ~

tiw
fadlitates the swift removal of insoluble

^sie sab***™ „^u precipitate in the Kidneys and

consecutive pyelitis and cy
h the speedy removal of Uric

benefit, yet to PREVENT the

ia
^».I»rforineiI 4 t -

S%^H!«, W.D
which are responsible for the

*"

LL.O
b t i til 1i^ ifc liMi

BuffaloLmnA
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That which gives the Weber Pia?

its charm, its real worth, apart iror

the quality of the materials wb

enter into its construct n and the

artistic beauty of its exterior.

Pure, Rich and

in the possession of which it s&ao
-

alone.

#
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108 Fifth A^

206 Wabash *f

»w York

Chicago
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Botanical 0asette
S AontblB Journal Embracing all Departments of botanical Science

* _ *
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L
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Every Botanist
Should be familiar with

1 the prominent works of

GEBRUDER BORNTRAEGER
PUBLISHERS

Botanisdie UnterSUChuilgen. S. Schwendener zum 10. Februar 1896
dargebracht. Mit Bildniss Schwendeners, 14 Tafeln und 45 Textfiguren. Lei.-

Octav. Broschirt 25 Mk., in Halbfranz 28 Mk.
Enthdlt werthvolle Arbeiten von Schulern Schwendeners : Haberlandt, Volkens,

Schumann, Reinhardt, KoUzwitz, etc.

Hilfsbuch fiir das Sammeln parasitischer Pilze mit Beriick

sichtigung der Nahrpflanzen Deutschlands, Oesterreich-Ungarns, Belgiens, der

Schweiz und der Niederlande nebst einem Anhang iiber die Thierparasiten von
Dr. Gustav Lindau, Kustos am Konigl. Botanischen Museum und Privatdo

cent der Botanik an der Universitat Berlin. Taschenformat. Dauerhaft gebun-

den t Mk. 70 Pf.

? *L '

Auf de" kryptogamischen Exkursionen, die ich seit mehreren Jahren

iffuhrt.
Nahrpfl,

rft der Manuel eines Bitches fi

</

prakti
Bedurfnissen der Pt soh

w.

Hilfsbuch fiir das Sammeln der Zoocecidien mit Berticksichti

gung der Ni hrpflanzen Europas und des Mittelmeergebietes von G. Darboux,
Professor der Zoologie an der Universitat Lyon und C. Houard, Assistent am

botanischen Institut der Universitat Paris. Taschenformat. Dauerhaft gebun-

den

thn im
Hilft

ofort
— 7

^esummelt(

a^h
U,'d™ett<ns "it** das Buchlein hei ^egebener Pflanze die Liste alter Galk*

anfuhren, die aufjener Pflanze vorkommen.

Write for free Cataiog"ue; postpaid. Address:

Gebriider orntraeger, Publishers >

DeSSAUERSTRASSE 29.
Berlin, S. W. 4



PINION

Weeks' Subscription
PUBLIC OPINION is now an indispensable 32-
page weehly magazine, comprising in its 52 issues
a grand total of over 1700 pages of reading mat-
ter, and over lOOO illustrations, including repro-
ductions of the cleverest current cartoons. Its

readers, independent of otKer periodicals, are fully

abreast of the times, sufficiently -well posted to dis-

cuss with intelligence all sides of every question

of the hour, whether political, social, religious,

educational, scientific, financial literary, or artistic.

PUBLIC OPINION'S field is as wide as the range

of human interests. It is read by more represent-

ative people than any other weeKly magazine. In

addition to its own editors, its staff comprises the

editors of the 3000 dailies, weeklies, and month-
li required to
PUBLIC OPINION.

produce one weekly issue of

THIS

S*nd at once
OPINION,

SPECIAL INTRODUCTOP.Y OFFER gives you ten num
price, $LOO), for the price o/ one issue (ten cents)—the cost

ss, and ten cents (coin or stamps) to

16 UNIVERSITY PLACE, NEW YORK CITY.
your name, addre

RELISHED]
stamps,

«.Wesley& Son's Botanical Catalogue, 1901

i
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PRINTERS AND BINDERS
THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU-
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES, AND ANNUALS A
SPECIALTY. WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES
WEST OF NEW YORK. OUR NEW FACTORY. .vUN ENTIRELY BY ELEC-
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY.
THE LAKESIDE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO.
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What is ScbapirograpD ? 5£2B*i22
copies anything written with pen and type-
writer. One original gives 150 copies Black
ink in 15 min. ; it is the greatest help to the
profession and is invaluable as a saver of
writing over and over again. Avoids: stencil,

p .
washing, delays, and expensive supplies.

race, complete cap-size outfit, $8.00, lasts many years.
Practical Trial without Deposit cheerfully allowed by

THE UMVERSALSCHAPIROGRAPHCO.,265 Broadway,N.Y.

Hand
ON

BOTANY, ENTOMOLOGY,
AND MATHEMATICS

FOR SALE BY

CHARLES L. SMITH
Bookseller

IOWA CITY, IOWA
Estimates at which sets of Journals can be furnished

made on request. Send for price lists

Cbe Untomity of CDicago Press
Educational and Scientific works
Printed in English, German,
French, and all other modern
languages. Estimates furnished.

5StH St. a**«i Ellis Ave., CHICAGO

MONON
TRAINS FOR

La Fayette

W.BadenSpr.

Fr.ltck 5pr,

Louisville

MammothCave

Chattanooga

New Orleans

AH Southern
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LUXURIOUS PARLOR AND DINING
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WH.McDOEL FRAMKJ,
PRES.& OINLMM G l"f I

NCAND COMPAQ

Route

FROM CHICAGO TO ^
INDIANAPOLIS, CINCINNATL LOUISVILLE,

SOUTH AND SOUTHEAST

Direct Line to ASHEVILLE, N. C and

W. J. Lynch, Gen. Pass. & Tkt. Agt.
W. P. Deppe, Ass't Gen. Pass.& Tkt. Agt.

Cincinnati, O.

J. C. Tucke«, G. N. A., 234 Clark Stieet

Chicago, III.

XLhc Scenic
To VIRGINIA HOT SPRINGS

D* C, via the Picturesque

& WASHINGTON
&OHIO



Dining Cars

Service Carte

DOSES are always on

delicate

tables,

silver add to the pleasure of a dinner

cooked and daintily rved

9

All the Season's Delicacies
at Very Moderate Prices

Burlington

QR 8,000 miles of rail-

road reach out from

Chicago, Peoria and

St. Louis to all the important

cities in the west and north-

west such as

ST. PAUL
MINNEAPOLIS
OMAHA
KANSAS CITY
DENVER

If you are going to any of

these places or to the Pacific

coast, kindly let me send you

time tables and other informa-

tion about our train service.

P. S. Eustis,

Gen'l Pass. Agt.. C. B. & Q- R. *U
CHICAGO, ILL.

f>
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Muskoka Clear Sky Land
Is an Indian word that fittingly describes one of the most de-as an Indian word that fittingly describes one 01 «w ««»* —
lightful spots for a summer outing on the American continent.

f *

Royal MusKoka Hotel

Jjfc
1 a rival in the

IS UNSURPASSED FOR LOCATION

*aent< V a *? ap"

C- !-
lts CUlsine -

ChlPtlVe Iite^ure,
W **£.etc, can be

u aPPhcation to

BSSSE and Trust

CCrl3,nS Street
>

.. ROYAL MUSKOKA » HOTEL.

"
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over the interests of the hold-

ers of nearly 4,500,000 poli-

cies

The Prudential
with its varied Life Insurance policies
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PHYSIOLOGICAL OBSERVATIONS ON THE SUBTER-
RANEAN ORGANS OF SOME CALIFORN1AN
LILIACEAE.

A. RlMBACH.
I

(with PLATE XIV

)

During my stay in the neighborhood of the Bay of San

lncisco I have endeavored to get acquainted with the life-

fetory of some of the numerous species of Liliaceae growing
fiid in that region, and my attention has been drawn especially

the Physiological behavior of their subterranean organs. As

P lants concerned exhibit some quite remarkable features,

aDd have been little studied in this respect, and as they include

*0e species of rather limited geographical distribution, I will

^'Vein the following pages an account of my investigations.

Clixtonia Andrewsiana Torr.

The seeds oiCHntonia Andrewsiana germinate in March. The

Ie(K after having absorbed the contents of the endosperm,

,.

nes ^ the first green leaf, growing io«" long and 3
mm Wlde "

tQ*rl

Pnmary r°0tl l
mm thick

'
reaches over I0Cm in l6ngth '

a few branches of the 1st degree. Its central cylinder u>

Chlc
- the endodermis with slightly thickened walls, the

4
e

?tarch -bea"ng. There are no signs of contraction, t

** deveIops into a rhizome( which grows almost vertica

*n
a rhlzome

»
wnicn grows

mtuva*

ieh

WardS t0 a dePth of about 8 cm
'
where {t paSS€S

:
0rizontal direction. Its annual prolongation is

<r

40I
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specimens I to 3
mm

, in adult ones 5 to 1 5
mm

. Every year's for-

mation may live over 20 years, so that the rhizome may attain a

length of 15
cm and more. At first it forms yearly but one leaf;

cm

mo

of

afterwards a stem 5
cm high with two leaves; finally a stem 12

high, crowned with about six leaves, and prolonged into the

inflorescence. The leaves last very long, appearing above the

ground in February and remaining green until October or

November. The youngest portion of the rhizome develops

every year, from October until April, the new roots being one

or two in young, four to six in full-grown specimens. Their

direction is downwards or sidewards. They are uniform through-

out, without contraction, branch sparingly in the 1st degree, and

are covered with root hairs. In adult specimens they are 2

thick, over 20 cm in length, and last about fifteen years. The

central cylinder is 12-archic, its innermost part made up

thick-walled cells. The endodermis exhibits strong V-thicken-

ings and thin-walled passage-cells in front of the hadrome rays,

and there are no foldings on its longitudinal walls. The moder-

ately abundant cortex is starch-bearing.

In Clintonia the roots are storing organs, but the rhizome is

also rather rich in starch-bearing parenchyma. The roots have

no influence upon the position of the rhizome. This latter

grows downwards or upwards according to circumstances, and is

sometimes very much curved.

Prosartes Hookeri Torr.

I found the seedlings of Prosartes Hookeri in the middle of

April in an advanced state, yet still in connection with the

seed. The germination probably takes place in March. The

cotyledon, about io mm long, remains underground with its tip

within the seed. The orimarv root. 0.7? to i
mm thick, reaches

over 10 cm
in length, is uniform throughout, and branches in in

first year sparingly in the 1st degree. It is provided with long

root hairs. Its central cylinder is o-archic, and the endoderm^

has walls. The cortical parenchyma is abun

dant and full of starch, and there is no contraction.

Immediately after germination the first aerial stem appears.

"^
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t

2
cm

high, bearing two foliage leaves. There takes place the

oiation of a rhizome, which arrows downwards, and elongates

.

1 *

ryvear, at first 1 to 2 ram
, later 3-5 mra

, in adult specimens 5

>i$"\ In old individuals it acquires a considerable length,

uprising the formations of many years.

Ine head of the full grown rhizome produces yearly about
five roots. These are 1 to 2 mm thick, over 20 cm long, uniform

il their length, or even increasing a little in diameter at

®e distance from the base. They run downwards and side-
fa«ls, wind very much from the start, and branch sparingly in

Je
1st degree. Their central cylinder is usually iS-archic, and

aoe up m its innermost part of strongly thickened, very nar-
,v cells. The endodermis has very strong, yellowish V-thick-

Cfl'flrrc J 1

J o J
•' §»i and the adjacent two or three layers of the cortex are

Somewhat thick-walled. The cortical parenchyma is abun-
x and contains starch. The epidermis forms long root hairs.

ndodermis and hypodermis do not show any folding of their

^branes. There is not the slightest indication of shortening
of the

5
root.

Jk rhizome of Prosartes is often very crooked. It may
* vertically upwards or downwards, according to circum-

• ine roots have no influence upon its location.

partes .Menziesii Don. behaves just \ikc£. Hookeri.

Th,
1

%

Fritillaria lanceolata Pursh.

Peculiarly shaped rhizome af Fritillaria lanceolata does

rouf

netrate t0 a great dePth Its direction of £rowth
iS in

^Pecimens sometimes inclined, in full-grown ones, situated

,
below the ground, horizontal. The yearly advance of

or 8 mm . Every
ietf

"""/iuniai airection amounts w 5 w» «* • — *

.•

e

rmation lasts but one year. There is a profuse vegeta-

erai

U

K
,f

!

hCation
' as IarSer specimens produce from 30 to 60

^ Giblets. The plant brings forth yearly in younger

not, T three or f°ur» in adult ones about twenty thread-like1>

f

ft

v * ^^wi, ill dUUIL UIICS duuut »w*wj

r;l

t0 imm
thick and almost I0 cm long, branching in the

"" The roots originate all at once, from one point, and

^lately in a horizontal direction. They have a

aegree

.
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3-archic central cylinder and a thin-walled endodermis ; both

endodermis and hypodermis are without foldings. The roots

are purely nutritive.

LlLIUM PARDALINUM Kellogg.

but

In the gulches round Mount Tamalpais, where Lilmm par-

dalinum grows in moist, shady places, I found the seedlings in

an advanced state, but still connected with the seed, in the

middle of April. The cotyledon, 5
mm long, remains under-

ground, and its tip does not abandon the seed. Immediately

after germination, however, a foliage leaf 4
cm high is formed.

The primary root is 0.5
mm in diameter, furnished with hairs.

Its central cylinder is 2-archic, the endodermis cells slightly

thickened. The cortex is thin, and no signs of contraction are

present.

The shoot develops into a bulb, the axis of which takes up a

horizontal direction. The young plant produces every year

one foliage leaf and one to four fleshy scales ; also the fleshy

base of the foliage leaf, after withering of the blade, remain

alive, functioning like a bulb-scale. In such specimens the bulb

axis is about 3
mm long, and comprises but one year's product

It produces in the first periods two to four, later four to eig

roots, originating exclusively from the lower side. Most o

these roots are swollen at the base to 2
mm diameter, and

shorten in this portion, so as to become wrinkled on the sur ac

to an extent of 10 or ic; mn\ As these contractile roots star

from one point and grow almost vertically downwards, sprea -

away only by their ends, and as the bulb in the young individ-

uals is very narrow, the latter is buried easily in the ea

Hence we find, while the seedlings are scarcely I
cm belovv

ground, that half-grown specimens are 5 or 6 cm
,
full-gr°w

8 to 1 1
cm in depth.

the
At the time when the first aerial stem is brought fcrtl

bulb axis is about 5
mm long, and produces about ten

yearly. For full-grown individuals the annual Prolo"|
atl

j n

amounts to 1 to 3 cm
, and as a rule is horizontally direct

this latter stage of development every year's formation

ht
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seven years, and thus an old rhizome acquires a length of

about 12 cm
. Upon its upper side the rhizome bears the

scars of the vanished aerial stems, each surrounded by a large

imber of bulb scales ; at its basal end it is separated by a

nooth scar from the dead portion. On its lower side the roots

are found, five to twelve to each year's formation, starting rather

ose to each other. They are over 1

5

cra long, in their basal

portion swollen to 3
mm in diameter, and branch rarely in the

1st, very rarely in the 2d degree. They live about five years,

ad grow from the beginning almost vertically downwards, but

soon change their course into the horizontal direction. The

vollen part is contractile, and becomes wrinkled to a length of

from
5 to 20 mra

. The central cylinder is 10-archic, the endo-

femis furnished with yellowish O-thickenings. In the active

cortical parenchyma the cells of the innermost layers are radially

elongated, those of the outer strata collapsed and compressed.

Both endodermis and hypodermis show the radial longitudinal

ta''ls undulated. The epidermis bears root hairs.

In the thin, non-contractile end-portion, which otherwise has

to same structure, the undulation of endodermis and hypoder-

*e radial elongation of the cortex-cells, and the compressed

cell-1ayers are wanting.

hav

::

In the adult specimens, which have an ample growth of the

r,z°ntal rhizome and branch quite often, the roots apparently

• no longer any considerable influence upon the position ot

Plant. I n eVer found the position of the older parts

rbed
- Specimens buried to an excessive depth are found

;

meti*es growing up vertically and forming quite thin, smooth

roots.

Scoh

Scoliopus Bigelovii Torr.

in-

tym Bigelovii grows in the shade of the redwood,, «

-cool places. As is known, it flowers early in the yea

fi I found the last flowers at Mount Tamalpais at the e

FaU_.. _ . „f fhp stalks

toist,

edruary. By the, —j. oy tne prolongation auu <-ui*»—
y^>ng fruits are brought close to the soil, and ^re the}

** I s™ the first open fruits at the end of April. In many

#
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instances I found seedlings and young individuals of different

ages in dense patches at a distance of at most 30
cm from isolated

mother plants. Owing to the length of the stalk the fruit can

reach at most the distance of I5 cm from the center of the plant.

There does not seem to exist any arrangement for the spreading

of the seeds.

The seeds were found germinating in February. The coty-

ledon remains with its tips for some time in the seed, while its

middle portion breaks above the ground bv a knee-like curva-

ture {fig. 1). Then it leaves the seed and stretches out, being

the first green leaf of the plant. The primary root, I
mm thick

and beset with long hairs, reaches only 3
cm

in length and does not

branch. It has the central cylinder 2-archic, and a thick cortex.

The latter becomes filled with starch-grains, except in the basal

portion, where starch is almost absent; but here the undulation

of the endodermis points to a slight contraction. After germi-

nation the diminutive stem of the seedling is at most 2
cm below

the ground.

While the cotyledon dies down in the first summer, primary

root and stem persist several years, the latter developing into a

rhizome, the annual growth of which amounts at first to about

i
mm

only. I do not know what the tendency of the rhizome

may be regarding its direction of growth. The fact is, that the

rhizome, in young specimens of normal, superficial location,

assumes an almost vertically downward direction, with the grow-

ing point at the lower end (fig. 2). But this position, to a great

degree if not exclusively, is due to the action of the roots. For

the later roots, sometimes even the second one, shorten consid-

erably, and as they all point more or less steeply downwards

they exert a pull upon the rhizome and drag it gradually deeper

into the soil. However, as each root con
first months of its development, the older roots are out of action,

and the pull is brought about only by the youngest ones, wnicn

arise from the growing: end of the rhizome. This circumstance

&

•

the

£,* W»T***£

gest

q
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and bent down in their basal portions, apparently dragged by the

movement of the rhizome to which they are attached (fig. 2).

The rhizome of old specimens is 3 to 5
cm long, comprising

e products of twenty to thirty years, and is found at a depth

of
5 to 7

cm
. Here it has a horizontal direction, with an annual

prolongation of 1 to 3
mm

. It branches but rarely.

Young plants, which develop yearly only one leaf, form only

°ne or two roots, while full grown specimens, as a rule, form

ree each year. J

or February. They may live twenty years, and therefore there

a* found sometimes forty to fifty of them on one plant. In

0l(}er specimens the roots reach 20 cm in length, branch in their

^-portion rarely in the 1st degree, and bear numerous root

> They are between 2 and 3
mm thick, their basal part, when

Pe young, being somewhat swollen to 3 or 4
mm

-
Central cyl-

same
T»e cylinder is mostly 8 -archie, the rays being reduced some-
*n" in number towards the tips. The branches are 4-archic.

,

endodermis is made up of narrow cells with O-thickenings

^thin-walled passage-cells in front of the hadrome-rays. The
Cort'cal parenchyma is abundant and the hypodermis very dis-

3Ct.

This be

-re

lly

por

]
tl* more terminal one, which are related to the functions

°" these parts.

ls already stated, each section of the basal region, soon

* h*ving finished its growth in length, begins to shorten.

im^his process, the active cells of the cortical parenchyma

**& their form, growing not onlv shorter, but also broader

doming radialIj elongated. In this contraction and

*Jni^i form, the ep

•

S bordering upon the latter-a complex, which we may

*ate ^ passive outer cortex -do not join. The outermost

of the active cortex after a time collapse, are compre

-he

o
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zone immediately inside of the passive outer cortex. None of

these changes appear in the terminal portion of the root.

^

Besides, there exists another difference, noticeable even in the

primary root, but more pronounced in older plants. In that

portion where the cells do not undergo any considerable change
of form and size, the cortical parenchyma is densely filled with

starch grains
; but in the basal region, as far as the parenchyma

exhibits strong activity of contraction, starch grains are entirely

absent.

I he contraction of the cortical parenchyma causes changes
also in the passive tissues, inside as well as outside of it. Inside

it leaves very characteristic traces in the endodermis. This

tissue behaves like the elements of the central cylinder, becom-
ing passively contracted in longitudinal direction. In the begin-

ning, the cell-walls of the endodermis are straight and show
nothing exceptional in their outer form, and so they remain in

the end-portion of the root and in the branches throughout life.

But in the basal portion, as far as contraction occurs, the radial-

longitudinal walls of the endodermis become marked by an

undulation running longitudinally. This undulation, here as in

other species, corresponds to the dark spot, which is observed

on the same wall on the cross-section. The undulation or wavy
folding of the membrane is most pronounced near the root-base,

where the strongest shortening takes place, and diminishes toward

the root-end, being entirely absent near the tip.

Quite a similar phenomenon is to be noticed, outside of the

active cortex, in the hypodermis. Also in this tissue, the mem-
branes of which are quite straight at the beginning, as far as

contraction reaches, an undulation of the radial-longitudinal

cell-walls makes its appearance, becoming strongest in the basal

re ff iongion and diminishing and disappearing in the end-portion.

The undulation of the cell-wall in both endodermis and hypo-

dermis becomes fixed and remains nearly unaltered by sepa-

rating these tissues in old roots from the adhering active

parenchyma.

Some time after the appearance of the undulation, the pass-
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ive outer cortex in its totality, in consequence of the shortening,

loses its light connection with the active tissue beneath, becom-

g separated from it by the formation of the zone of com-

pressed cells already mentioned. Hereupon the root-surface,

tight and smooth at the beginning, becomes slack, rough, and

wrinkled, and the whole root diminishes somewhat in thickness.

ie wrinkles begin to show themselves in March, when the roots

g, still growing This

wrinkled region, very insignificant in the first roots of the young

plant, acquires in older specimens a length of about 2
cm

.

Trillium ovatum Pursh.

Trillium ovatum lives in the same localities as Scoliopus, and

so in its manner of life resembles this species in many respects.

difference of organization between both, noticeable even in

to seedling, is that in Trillium the rhizome is used in a higher

fcd the roots in a less degree as storing-organs than in Scoli-

opus.opus.

I1 saw the germination
APril- Seedli

beginning

-N-v-umiga dau young uicuita ui uun.. -a

7 often in the immediate neighborhood of the mother plant.

*** the cotyledon functions as the first foliage leaf, the stern

of the ^^1: ,, . , 11 f„K^r full of starch.ne seedhuy sweiis up
he

Primary root, nearly i
mm thick, reaching about 8

cm in leng

^forming a very few, branches, contains but a smalt amount

f
st^ch grains, its central cylinder is 3

-archic, the entoderm*

r^hed with slight thickenings, remaining there as th.n-vvalled

f^-cells in front of the hadrome, the cortical
parenchyma

^-t, the hypodermis very distinct. There are signs o^

contraction in the root-base. Primary stem ana

several years.
the

e second root, which in the following year breaks from.tie

r^_i. , . . j «,i?ords. IS «-OH-

-eble

Persist

Th

krably
lar

gro

ini
"oubits th

00 th« „.. ,

;gion,

nkled

5

ming finally wr

In consequence ot its
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shortening it pulls down the tuber into a horizontal position,

carrying with it also the basal part of the primary root.

The annual prolongation of the tuber amounts only to i
mm

,

even in old specimens, but every year's addition broadens it,

until in old tubers it comes to a permanent diameter of 10 to

I5mm . Such tubers are 3 to 4
cm long, containing the living prod-

ucts of twenty to forty years, and die off by degrees at the

basal-end with a smooth scar. They do not branch. The full

grown tuber brings forth on its lower side yearly two to four

roots, situated close together and directed vertically downwards.

The roots are about 30cm long and 3 to 4
mm thick at the base,

taper toward the tip, and branch there very sparingly in the

1st degree. They last about ten years, and twenty or more of

them may be found attached to one tuber.

The central cylinder is 6-archic, the narrow-celled endoder-

mis furnished with slight O-thickenings. The rather abundant

cortex is almost devoid of starch grains in the swollen basal

portion, but contains rather abundant starch in the thin terminal

portion. The latter part of the root does not show anything

extraordinary. The basal region, on the contrary, shortens very

much, the active cortex cells elongating radially. As a result

of the contraction, the radial-longitudinal walls of the endoder-

mis become strongly undulated, a zone of compressed cells is

formed below the outer cortex, and the root surface becomes

wrinkled for a length of 3 to 5
cm

.

The total shortening of the root probably amounts to about

iomm . The main contraction goes on during the first months of

the life of each root. Hence in Trillium, like in Scoliopus,

mainly the youngest roots, situated nearest the growing end

the tuber, exsert a pull upon the latter. This pull brings it into

an oblique, often vertical position, with the growing point at

the lower end, so that the leaf stalk or the aerial stem forms a

sharp angle with the rhizome. In this respect young specimens

of Trillium and Scoliopus exhibit quite a similar appearance.

By degrees the roots drag down the tuber from the surface

into the earth, so that old tubers are usually found 8 to 10
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below the surface. These latter, as a rule, are no longer inclined,

but horizontal. I found here and there, however, always at a

considerable depth, old tubers growing vertically upwards, with

the roots starting equally from all sides. I am not quite sure

out the conditions which provoke this kind of growth, nor

'out the tendency in the direction of growth the tuber may

*ve in the other cases.

Zygadenus Fremonti Torr.

Zjgadenus Fremonti inhabits sunny, dry localities among

shrubs, being very frequent in the chaparral. I found the young

flings in great numbers in January {fig. j). The cotyledon

subterranean
; its tip, which is a well separated, roller-shaped

ier 3 to 4™ long, remains within the seed ; its lower part

Ungates downwards, burying the small stem 5 or io
mm into the

:ound. A linear, upright foliage leaf, 5 to io
cm long, is at once

Sloped. The primary root grows about 6cm long, and is

mm in

the

narkable for its swollen basal part, which is about 1.5

Qiarneter. Its central cylinder is 4-archic, the cortex extremely

ck
- The swollen part contracts a good deal, and thereby

^ the stem still more into the earth. At the end of the

*«kning
f we find the endodermis undulated, the active cortical

'eiis radially expanded, a narrow ring of compressed cells

°rmed in their circumference, and the passive outer cortex

s

nnkied to a length of 15—. The primary root branches but

l

t

rin^y in the 1st degree, and is the only one formed in
iU "

^'ear
- !t dies off in the early part of May.

lhe shoot of the plant develops into a bulb and produce,

;^3^r in younger specimens two to four, in the adult ones

101
5 roots. The roots originate at the beginning of the

'
s

f*on , in December or January, and die off at the bcg*n-

J
° ^e dry season

; hence from June to November the bulb

*** They are all contractile, although in a different

of

ee
> and send out from the terminal region branches

> * and 2d order. In young specimens **£?£
flate ^om one side of the' bulb, so as to bring, by their
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one-sided pull, the bulb-axis into an oblique position. In half

grown specimens the roots acquire their greatest diameter,

about 6mm , and probably also the greatest amount of shortening,

and drag the bulb every year I to 2cm downwards {fig. 4). Their

course is very characteristic, the contractile basal portion point-

ing almost vertically downwards, the inactive terminal portion

passing into the horizontal direction. The central cylinder in

these roots is usually 8- archie. In full-grown, old specimens,

the growing point of which, as a result of the dragging of the

roots, lies at a depth of 10 to I2cm , the roots are thinner, at most

3
mm

in diameter, start equally from all sides of the bulb-axis,

and run in a flatter course [fig. 5). Their central cylinder has

on an average nine rays, that of the branches three rays. In

April, when the contraction is ended, the endodermis is furnished

with exceedingly strong O-thickenings of yellow color, the hol-

low of the cells sometimes almost being filled up; but thin-

wailed passage-cells are present in front of the hadrome-rays.

The cortex is copious. Root hairs are numerous. The bulb

keeps, as a rule, a vertical position, elongates from 3 to 5

every year, and comprises the products of two years.

Remarkable are the differences between the contractile basal

portion and non-contractile terminal portion of the root. For

instance, the central cylinder preserves its diameter through-

out its whole length, only the number of rays diminishing very

little toward the tip ; the cortex, on the contrary, is twice as

thick in the basal region as in the terminal. Furthermore, the

radial-longitudinal walls of the endodermis acquire, in conse-

quence of the shortening, a strong undulation in the basal part

of the root {fig. 6), whereas in the terminal part they do not

show this peculiarity {fig.7). Finally, the endodermis remains

in the basal region thin-walled, until the contraction is finished,

while in the non-contractile terminal region the thickenings

make their appearance before that time.

Chlorogalum Pomeridianum Kunth.

Chlorogalum pomeridianum grows in dry, open localities,
pre

ferring rocky hills. In its manner of life'it shows much resem-
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3

blance to Zygadenus. Like the aerial organs, the roots also

st only one vegetative p

J

ningof dryness in June or July.

Young seedlings were found in the latter part of January

k- 8). The cotyledon is subterranean; its upper end, a

loboid sucker, about 4
mm wide, remains in the seed, the rest

ongates about iomm downwards, carrying the stem as far into

round. At the same time the first foliage leaf is sent forth,

about 7™ long with a blade 4
mm wide. The primary root, i

mm

thick and
5
cm long, develops near its end a few branches. Its

central cylinder is 3-archic, the cortex moderately abundant.

I(s basal portion shortens, and in the thin wails of endodermis

and hypodermis appears a heavy undulation. Besides the pn-

nary root, during the first year one or more roots appear, longer

««i gradually thicker, but in form and function equal to the

first onp

f.

From the second vear onward a difference shows itself in the

J . • . it v. iU«-Aon.

At

|

ike, non-contractile roots are formed. They arc 0.5 to i
mm thick,

*a 4 . or 5-archic central cylinder, and a moderatelyhav

dant

abun-

cortex. After these, one or more roots appear, similar to

** of the seedling, verv thick in the basal region and taper-

H towards the tip, strongly contractile and growing verticaU)

*****
{fi )m The , t of these I found were

m diameter, and were thicker than the
they

»j anu were uuewci iua« m*~
A nrlr>

a

/
0Se

- In these the central cylinder is 9- '
2-archic, the end -

7*8 thin-walled, the cortex enormously abundant. H*
**" ^e radial elongation of the cells and a wide zone of con

fj^ed tissue
(fig. u). Both kinds of roots branch for a ume

m
"~

1st and 2d degree.
{

The
e work of the contractile roots is considerao .

'nthe

Th

inward »*«*»_* ^ >u. k.,ik -»* in several specimens 1.5

durirtn
?

„f the bulb carries

In this movement the du

With
^self the°th7ead4ik-e Toots'oVthe present year and also the

ead b« still adhering roots of the preceding year [fig-
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mm

cm

Thus, the growing point of the bulb, lying in the seedling I or

2 cm below the surface of the earth, is brought finally to the depth

of 10 to 15
cm

. There it is met, as a rule, in the full grown speci-

mens, in which the bulb has attained a large size {fig. 10). An

adult specimen produces about seven roots each year. Among

these the difference in form and function disappears ; they are

all of the same kind, about 5
mm thick, tapering soon to 3 or 2

in diameter, and take up not a vertical, but more oblique course

from the start. They are very long, covered with hairs, and

form later on branches of the 1st and 2d degree. Their cen-

tral cylinder is usually 13-archic, but the cortex reduced in

abundance compared with that of the napiform roots of the halt

grown specimens. The annual prolongation of the bulb-axis

amounts in these old plants to 5 to 8 mm
. So much are they

carried down by the roots, however, that a full grown bulb, very

superficially located, moved down in one year 2.5

In connection with the study of Chloragalum I should like to

emphasize some facts concerning the behavior of the contractile

roots. In Chloragalum, as in other species, the contraction does

not appear in the whole root at once. On the contrary, as each

section of the root a short time after having finished its growth

in length begins to shorten, necessarily the older basal sections

commence their contraction earlier than the younger, more termi-

nal ones ; also the phenomena accompanying the contraction

appear sooner in the base. Thus we see in the napiform roots

of Chloragalum that after a time the bark, smooth and light at

first, becomes slack and wrinkled at the base, diminishing also in

diameter, and that by degrees this wrinkling and falling down

advances toward the tip over all the swollen basal region (fig- 9

The roots of Chloragalum do not wait to commence their

contraction until they have attained their entire length, nor do

those of Zygadenus, Trillium, Lilium, Scoliopus, Arisaema, nor

any other species I know of. On the contrary, in all these t e

contraction sets in when the roots are quite short, a few centi-

meters in length.

Neither do the roots of our plant wait to contract until the)
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we anchored themselves by lateral rootlets. On the contrary,

when the few branches are formed, the contraction of the root is

nearly or entirely finished. The same is true for the described

)ecies of Zygadenus, Trillium, Scoliopus, and likewise for

ochrtus umbellatus, Brodiaea capitata, Arisaema Dracontium,

id others. There are even contractile roots of a very strong

dragging effect, which do not branch at all, as is the case in Arum
mculatum and Fritillaria Meleagris. Apparently the close adher-

ence of the root surface with the earth gives a sufficient support,

and it seems even that in certain cases the presence of root hairs

B«rt necessary for bringing about the effect.
1

Calochortus umbellatus Wood.

The bulb of Calochortus umbellatus is brought from the sur-

iceof the earth, where the seed germinates, to a considerable

th exclusively by the action of contractile roots. The bulb

5XIS alwa)'s grows vertically upwards, but not more than I or 2
m x

-

^
ear

<
even in full grown specimens, in which the bulb is about

a
high and i «» thick. The whole plant renews itself annually,

ier
.
v part of it lasting but one cycle of vegetation.

A
* the beginning of the rainy season the bulb produces ten

tot*enty thread-like roots, 0.5 to 1
mm thick and 10

cm long,

^
lch give off numerous branches of the 1st and 2d degree.

lhose roots have the central cylinder 3-archic, a thin-walled

eadodermis, a moderately abundant cortex, endodermis and

?odermis
straight-walled

; they do not contract and are

I

nutrit-e {fig. I3 r).
*ft<* these there appears one large napiform, contractile

*

\fig. 13 r\) It i s in the basal portion from 2 to 4
ram «"<*,)ot

&«t ia attenuated near the end to 0.5
mm

. The central cylinder

Varchic, and the cortical parenchyma copious. The active

7 celis elongate radially, their outermost layers collapse

^dfo

iter

rni a ring of compressed tissue bordering upon the passive

c<>rtex. The radial-longitudinal membranes of the trim-

*C?? t0 thGSe details the descriptions of the phenomena«*~*^
71!!******+ 1891, and in MacMiHan's Minnesota Plant Ufe, PP

9 - l8
99, are not exact.

In
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walled endodermis become strongly undulated. After conclusion

of the shortening, in April, this root ramifies sparingly. In

larger specimens the root drags down the bulb 10 to 15
mm

. By

this movement the thread-like roots become displaced very

much, and the bulb itself pulled out of the old husk, which

sticks to the earth and remains in its place. The husks of sev-

eral years sometimes persist, indicating the amount of work done

by the roots in the respective periods {Jig. /j, It).

Arriving at a depth of 6 or 7
cm

, the plant stops the forma-

tion of contractile roots, producing then exclusively thread-like

ones. In this state the new-formed bulb remains within the old

husk, and at its bottom the remnants of the bygone bulb-axis

accumulate, piled upon each other.

Brodiaea capitata Benth.

In full grown specimens of Brodiaea capitata, a species grow-

ing on sunny meadows, the subterranean part of the shoot is a

tuber of vertical growth, rich in starch, about 15
mm thick, round-

ish, bearing on its lower end a round scar, the place where it was

united with its predecessor. Its position is very superficial, only

3 to 5
cm below the ground.

It lasts but one year. In January, after starting the leaves,

it begins to shrink and to become empty, but forms on its upper

end a superposed new tuber. At the same time, from the base

of the latter two pairs of lateral buds grow out, which likewise

develop into small tubers, being supported by thin stalks about

i
cm

in length
[fig. 14). Each of these four lateral tubers is

ensheathed by a fleshy sheathing scale, which later on dries up

and becomes a brown husk. The stalks also die down, so that

at the end of the rainy season the four small tubers are free,

although still quite close to the mother plant.

The following year, at the beginning of the rains, mother

and daughter tubers develop leaves and roots [fig- 15)'

main tuber puts forth thirty to forty thin roots in a nearly hon

zontal direction, which become io cm long and sparingly branc

They have a 4-archic central cylinder with central vessel, en o
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rtnis with feeble V-thickenings, and a narrow cortex. They

iow nothing peculiar, and are purely nutritive.

The daughter tubers, however, behave differently. After

having formed two or three thin roots of the structure of those

just mentioned, each of them sends out one thick, fleshy, con-

tractile root
[fig. 13, r 1

). This root grows in a strictly horizon-

tal direction, keeping in its whole extent not far from the surface

1 of the soil. It reaches over 20 cm in length and 3 to 4
mm in diam-

|

eter, tapering in its terminal portion to 1
mm in thickness. Its

I
central cylinder is 5-archic with a central vessel, and the cortex

I 's very thick.

I It is semi-transparent, and it can be seen that the course of

the central strand is not straight, but irregularly undulated and

spiral
[fig, 7<5). Such a course f the central strand is very

uncommon in monocotyledons. Also in this case it seems to

I « not so much a necessary consequence of the shortening itself,

as a conseq

conical cells change their form. While in other roots the cortex

knaves equally all around the central cylinder, in this case the

radial elongation of the cells seems to take place now on one,

no* on the other side of the root, and the volume of the cortex

Ureases alternately on different sides of the strand. This

strange phenomenon, and the manner in which it is brought

0ut
' ^serves a closer investigation. In consequence of the

fraction the membranes of the thin-walled endodermis, as

*dl as of the hypodermis, become undulated, and the root

e wrinkled to an extent of 3
cm from the base. No zone ofirfac

oil,llaPsed cortical cells, however, forms. The anatomical peculi-

aritles mentioned di< tip
lhe root seems to shorten about 10 or 20mm .

From every

ne of the lateral tubers the contractile root grows toward the

Utside, turning away from the mother plant. The result of the

Ont^tion is that every lateral tuber is pulled out of its husk

'£?, remains on the spot, and is removed horizontally about

u \fig- *S, **). During this process the small tuber, now in

honz
°ntal nn^;_ .w^L.- Jl e~*~* » new tuber on its top.

position, shrivels and forms a
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In the later part of the rainy season the emptied tuber-portion

dies off with all the roots, and the following year the new tuber

sends up its leaf about i
cm away from the mother plant. The

formation of horizontal contractile roots seems to repeat itself

several times in the same individual.

This mode of loosening crowded colonies by the action of

horizontal roots occurs, according to Kerner von Marilaun (Plant

Life 2 : 769. 1 89 1 ) , also in Muscari racemosum and Ornithogalum

nutans. I have not yet had an opportunity of seeing it in these

species. But it is by no means a frequent phenomenon, and

does not occur at all in most of the bulbous plants, as Kerner

assumes in the quoted passage. From my own experience, con-

tractile roots of strictly horizontal direction seem to be very

rare, and therefore their occurrence in Brodiaea is the more

noteworthy.

Reviewing the ten species examined, we can state that,

although they are geophilous herbs of similar organization, they

nevertheless show extremely different modes of burying them-

selves. From this point of view we may arrange these plants

in three groups

:

The first group includes Clintonia, Prosartes, and Fritillaria.

In these the rhizome alone, by its movement of growth, deter-

mines the location of the plant in the earth. It develops hori-

zontally, and is not influenced in a mechanical way by the roots,

which are not contractile.

The second group is formed by Lilium, Scoliopus, and Tril-

lium. ' Here the growth of the horizontally developing rhizome

determines in a much smaller degree the location of the plant.

In general the influence of the contractile roots prevails in fixing

the position of the rhizome.
The third group contains Zygadenus, Chlorogalum, Calo-

chortus, and Brodiaea. In theselhe rhizome*develops vertically,

tion of the plant.

iy

— — -v v

Furthermore, we find that in Clintonia, Prosartes, Fritillaria,

Lilium, Scoliopus, Trillium, and Zygadenus" the roots are all of
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the same kind and differ but slightly; whereas in Chlorogalum,

Calochortus, and Brodiaea there takes place a division of labor

between nutritive and contractile roots, accompanied by a strik-

ing difference in form.

Finally, considering the age the roots may attain, we see

that it amounts to many years in Clintonia, Prosartes, Scoliopus,

Md Trillium, and to a few months only in Fritillaria, Zygadenus,

Chlorogalum, Calochortus, and Brodiaea. Contractility is found

ng very

short-lived ones. Long-lived roots assume also the function

storing reserve material; they may be contractile (Scoliopus,

[Um) or not (Clintonia, Prosartes). In those species which
u"ng a certain time of the vear are rootless the roots never

rll

storing orga

ix FRjaxcisco, Cal.

EXPLANATION OF PLATE XIV.

^
ll %ures are drawn from nature, and where not otherwise indicated

ea

e

nh

natUral size
- The horizontal dotted lines indicate the surface of the

- «1 the figures are in the natural position and distance with regard to

•tee imes .

FiG
- I- Seedli

>p.

Fig !

Seedlin§ : s
> seed

;
t, cotyledon ; r, root,

kn.
2

*
Half-grown, descending specimen, at tthe end of January: rh,

aerial stem.

o-~""» ucacciiuing specimen, ai m» *- liv* w * j

)
fttMy developed roots of former year ; r\ new developing roots ;

Zygadenus Fremonti.£*ygaaenu5 rremvnii.

f!g

3
'

J*

eedlin&: s, seed
; *, cotyledon ; /, leaf; r, primary root.

tile

4
" f'grown

- descending specimen', in February : h, bulb
;

r, con-

**d do°

tS
° f thC PrCSent year: r*' remnants of roots of the preced.ng year,

Fir

0W
J
by the raovement of the bulb.

.5. Bulb of full-grown specimen, in March ;
longitudinal sect.on

:

*,

_

s
- «, aerial stem of the present year; st\ aerial stem of the precea-

FIG
'
/' ^t^ctile roots.

sec ;b
" End°dermis from the basal portion of a contractile root; tangen-

»
G

' 7

v
E^lodermis from the terminal portion of the same root

;

tangential

u
- X 200.
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Chlorogalum pomeridianum.

Fig. 8. Seedling: s, seed; ct cotyledon; /, leaf; r, primary root; r\
second root.

Fig. 9. Half grown, descending specimen, in the latter part of January :

b, bulb
;

r, non-contractile roots ; r*
t contractile root of the present year, with

the wrinkles appearing at the base ; r 2
, dead, contractile root of the preced-

ing year, pulled downwards by the movement of the bulb.

Fig. 10. Lower portion of adult bulb ; longitudinal section : a, bulb axis

;

bs t bulb scales ; st, aerial stem of the present year; st\ remnants of the

aerial stem of the preceding year; r, living root of present year; r\ dead
root of preceding year.

Fig. 11. Cross-section from the basal portion of a contractile root of a

young, descending specimen, X 5 : cyl, central cylinder; **, inner (active)

cortex
;
com, layer of compressed cells ; out, outer (passive) cortex.

1

Calochortus umbellatns.

Fig. 12. Young, descending specimen, in April: b, bulb; r 1
, contractile

root
; h t husk of the last year.

Fig. 13. Almost full grown, descending specimen, in April; the contrac-

tion is finished
: b f bulb ; r, non-contractile roots ; r\ contractile root ; h %

dead husks of preceding years.

Brodiaea capitata.

Fig. 14. Subterranean parts in March: /, newly formed part of main

developed.
same / 2

, new, lateral tubers fully

J
mation; Z 1

, old part of main tuber; /«, last year's lateral tubers, shriveled

carried

of the same
; r, thin roots of main tuber; r x

, contractile root of lateral tuber.

Fig. 16. Piece of contractile root, showing course of central strand. X 2-
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THE PARASITISM OF BOTRYTIS CINEREA.

Ralph E. Smith.

(with two figures)

The classic works of De Bary (i), Kissling (3), and Marshall

Ward (2) were the first to call attention to a mode of parasitism

m fungi which had not previously been recognized. These

investigations brought out the fact that in certain fungi parasit-

»sm is brought about by the secretion of a soluble substance by

the mycelium which kills and disintegrates the host tissue at a

msiderable distance from the filaments, thus affording them

practically saprophytic nourishment. This substance was thought

by each of these investigators to be of the nature of a soluble

ferment or enzyme, possessing the power of dissolving cellulose,

'hereby the injurious effect. Without detracting from the value

°* these investigations, it may be said that from more recent

*orks on the subject it is evident that there is still much to be

explained in regard to the phenomena which these earlier writers

5

described.

considered in this connection form a closely

;lated group which may be designated as the Botrytis-Sclero-

ia Ivpe. Botrytis cinerca has been chosen as the subject of the

"Sent article, but the related Sclerotica Libertiana, the subject

;
De Bary's work, as well as other forms of Botrytis of the

e**na type, come naturally into consideration.
1

As a saprophyte no mold is more generally prevalent than

****** but to the pathologist this species is of special interest

013 account of its peculiar relations to the phenomena both of

l

Pr°phytism and parasitism. It is, in a general sense, an

;
xar»ple of the facultative parasite of Van Tieghem and De
Bar

P.

paras
y»°r the hemi-parasite of Von Tubeuf ; the term Gelegenheits

" ' of the latter writer describes it more accurately. Brieflyrasit

See n°- 13 in the list of literature as to the genetic relation of these forms.

421
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stated, the usual conditions under which this organism may
affect living plants are as follows : excessive moisture, stagnant

air (these two especially when combined with high temperature),

low vitality of the host plant, and upon young or delicate parts

of plants. While not covering all cases, the parasitic attacks of

Botrytis may almost always be ascribed to one or a combination

of these conditions. (A number of typical cases of Botrytis

attacks are described or referred to in the writer's previous

article.) All degrees of parasitic activity occur under these

favorable conditions, from growth upon ripe fruit, where the

fungus is scarcely more than a saprophyte, to vigorous develop-

ment upon live growing tissue.

Generally stated, this species is disseminated by means of its

conidia, which germinate upon parts of plants and send germ

tubes into the living tissue, where they spread about, causing

death and disintegration. Kissling found that, unless germina-

tion started with saprophytic nourishment at hand, no infection

took place, a peculiarity previously discovered by De Barv in

Sderotinia Libertiana. Potter (8) found, however, that living

tissue could be affected directly with conidia in water. Marshall

Ward also found direct infection possible in the form of Botrvti

which he investigated. The variation in this respect expressed

by these results has been found by the writer to be a constant

one. With some material direct infection could be produced in

a moist chamber, while at other times such attempts were unsuc-

cessful. In all cases much more active infection took place

when saprophytic nourishment was used as a starter. The con-

clusion therefore seems justified that Botrytis varies in the ability

of its conidia to produce directly parasitic germ tubes, but with

a general tendency to require a saprophytic start.

After infection has taken place, the affected tissue becomes

softened and dead and rapidly disintegrates. In the case oi

fleshy substances, such as turnips and carrots, it is noticeable

that, as long as no other organisms become abundant, no dis-

agreeable odor whatever is produced, even when the tissue fe

thoroughly permeated by the fungus. In fig. I is shown the
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characteristic effect of Botrytis filaments upon vegetable tissue,

as seen under the microscope. Here is represented a filament

of Botrytis growing in the petiole of a lettuce leaf, a soft, succu-

nt tissue. The effect is seen to be a darkening in color, loss

of turgidity, disintegration of protoplasm, a separation of the

cells from one another, and their

final collapse, the tissue being

affected considerably remote from

the filaments. The same effect is

seen in the vicinity of a germ
be penetrating the surface. To

the naked eye affected tissue is

found to be softened and disinte-

grated, having the appearance of

tang boiled. From the nature of

this effect it is evident that such
a fungus as this is not in a strict

:nse a parasite. That is, it does

* live directly upon living tissue

^ for example, the Uredineae,
but rather subsists strictly upon
dead and disintegrated plant sub-
ance

- Its parasitism consists in

turns

sts ab%, limited to the condi-

already enumerated and
ir
y ing greatly in intensity, to

crete a substance which has a
4*_ *

toxic
effect upon living tissue.

may
7r

De considered. Marshall — _i
.. ^^

** »"„ss out the idea that r-

-

F^T «^,*e 6^en,s secrete a cellulose-—- "~
' ,

'

£°>** enzyme, which attacks the cell walls »«»«^
** .^bstance into available food material for he fang" •

K records the same result. De Bary showed the

_ .i.'/rlfpfl .

K to

be
in the case of the species which he investi ated

.
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According to the first author, a watery extract of Botrytis

mycelium caused, in thin slices of vegetable tissue, a dissolving

of the middle lamellae and strong swelling and final dissolution

of the cell walls. When such extract had been previously

boiled no effect appeared. No statement is made as to any

definite effect upon the cell contents. Kissling also assumes

that a cellulose enzyme is the sole cause of the destructive

effect. De Bary reaches the same conclusion in regard to Scl.

Libertiana, but not without some apparent misgivings. At one

point (p. 418) he says: "By a single brief boiling the juice

[mycelium extract] loses its specific poisonous, effect, " but

again (p. 421) "the difference [between the effects of boiled

and unboiled extract] is to be sure a quantitative one so far as

can be observed With the liquid from sclerotia the same

differences appear, though less prominently; the boiled has here

a relatively greater effect." Behrens (10) found that boiling an

extract of Botrytis mycelium did not destroy its injurious effect

upon plant tissue.

It seems reasonable to suppose that a watery extract of the

mycelium of this fungus should contain any soluble substances

secreted by the filaments, and have the same effect upon tissues,

so far as enzymes and any other soluble substances are con-

cerned, as the fungus itself. In preparing such extracts the

writer has made use of the following method : Large flasks of

any good liquid medium, usually prune juice, were prepared and

sterilized, and then inoculated with Botrytis. A vigorous

mycelium soon developed upon the surface, which was removed

and washed, then cut up into small fragments and finally ground

to pulp in a mortar with clean quartz sand. This pulp was then

placed in water, and allowed to stand in a warm place for several

hours, after which the clearer portion was decanted off, thus

getting rid of the sand, and strained. When vegetable tissue

was placed in such an extract the effect was very similar to that

produced by the growth of the fungus. If a lettuce leaf was

placed with the petiole in a flask of the extract all the tissue in

contact with the liquid became softened and discolored, and soon
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disintegrated, just as in a leaf with the fungus actually growing

in the petiole. In a thin section placed in this substance the

cells underwent the characteristic changes shown in fig. 1

except that more plasmolysis took place. Apparently, there-

fore, the toxic principle of this fungus is a soluble substance

given off by the mycelium.

It was especially noticeable in these tests that the marked

swelling of the walls described by Marshall Ward did not occur.

No change whatever could be detected in this respect. Behrens

nd Nordhausen (12) also found this to be true with Botrytis
*

cinerea, while De Bary's casual mention of a slight swelling can

hardly be construed to denote the highly characteristic effect

described by Ward. Potter (9) found apparently the same effect

produced by bacteria. The writer has found no marked change

produced by boiling the extract. Certainly the softening of the

tissue and death of the cells resulted as before. It is evident,

therefore, from the last result alone, that the effects of this fun-

gus upon plant tissue are not entirely due to an enzyme.

The study of the subject has led the writer to the conclusion

that two different effects must be clearly distinguished, one fol-

ding the other : first, the death of the cells ; and second, the

disintegration of their walls and contents. The further conclu-

Sl0n has been reached that the first effect is produced by a

Poisonous substance, not an enzyme ; the second by a variety of

enzymes not necessarily always the same, each affecting its par-

**" '» substance. The latter conclusion has been deduced from

the results of a large number of cultures, made to ascertain the

3b% of Botrytis to thrive upon various substances of vegetable

!
ngin

> likely to occur in plants. For this purpose there was

nrst made up a normal mineral-peptone solution, according to

0ne ^ the usual formula, and to portions of this stock solution

Were added the various substances to be tested, and flask cultures

*** in the usual manner. These substances may be taken up

irately.

-W,._ It wag found impossible to grow Botrytis upon this

Jbbtance, although Behrens states the contrary. In the first

ticul
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experiments a medium was made up by adding 2gm of commer-

cial cornstarch to each g8 cc of the stock solution. The starch did

not dissolve to any great extent, but formed a paste. Inoculated

with Botrytis only a very feeble growth resulted. From this it

seems that this species has not sufficient power of hydrolizing

starch into a form of sugar in which it could be assimilated to

provide for its full development. It was found, however, that in

a very dilute starch solution hydrolysis could be brought about

by adding an extract of the Botrytis mycelium, as shown by the

iodine test. From this it appears that the fungus secretes at

least a small amount of diastase.

\ Dextrose (glucose, grape sugar).—A 3 per cent, solution of

this substance in the stock solution was used as a culture medium.

Growth was rapid, and development luxuriant, as was to be

expected.

Cane sugar.—A solution containing this substance was made

as in the last case. Growth was at first slow, so that at the end

of the first week the dextrose cultures wrere much ahead. Grad-

ually, however, the development became more vigorous, and the

final result was as good as any. This course of development

gave reason to suppose that it was first necessary to invert the

cane sugar before it became available, and that the fungus pos-

sessed the power.

Milk sugar (lactose).—The results with this substance were

very similar to those with the last ; a rather slow start, but

eventually a vigorous development.

. Maltose.—Vigorous growth from the first.

Levulose (fructose).— Same as last.

Galactose.— Good growth.

Dextrin.— Growth in this substance started rather slowly,

but soon became as good as any.

Inttlin.— In a 4 per cent, solution of inuiin in the stock solu-

tion only a very slight growth of Botrytis could be obtained.

No normal development whatever took place.

J Glycerin.—With 2 per cent, glycerin in the stock solution

very good development took place.
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Gum arable

.

—A similar result to the last was obtained with 4

er cent, gum arabic.

j Cellulose.—Cultures were made by using the purest obtain-

e cellulose, in the form of filter paper, mixed into a pulp with

k stock solution. An excellent growth took place in this

edium, showing that the fungus was able to utilize cellulose as

a food material. Behrens obtained similar results.

Unseed oil.—A 4 per cent, solution of this substance was

de in the stock solution. This naturally formed a layer upon

i p
Growth

very

ice. The solution gradually became darker in color until

arij black, while the oil lost its characteristic appearance and

dark colored liquid became homogeneous in appearance.

Cottonseed oil.— Similar results to the last were obtained with

**s substance.

Tartaric acid.—Two grams of this substance in the dry form

*e added to 98
cc of the stock solution. Growth was excellent

aghout.

Me add.—Wwh a similar solution of this substance a very

porous development was obtained.
Oxalic acid.—W^ this substance in the same proportion no

:o*th whatever appeared.
F<*»iic acid.

,nmcacid was added. No growth appeared.

per

Tannin,—A 2 pe

G

tannin was

t the solu-lue *ith the stock solution.
1

J*** turning black.

fA*«g»*.--.With a 1 per cent, solution of this substance in the
V ' v

•

^ore

s°lution, a v
qu

\
n0t very vigorous.

^aV-^With a 1 l^r c

T** slow, but in time

develop

in "any other culture. Subsequent g

grow

re

th

P"
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> S Amygdalin.—In a 2 per cent, solution of amygdalin growth

was slow and only fair. The odor of almonds became noticeable

in the culture after some development had taken place.

Brncin and strychnin.— In I per cent, solutions of these poi-

sonous substances growth was extremely feeble and practically

nothing.

Qtcifiin und thein.—In 2 per cent, solutions of these substances

no growth took place.

It appears, therefore, from the above results that Botrytis

cinerea is able to satisfy its carbon requirements from the follow-

ing substances : sugars in general, dextrin, cellulose, glycerin,

gum arabic, vegetable oils, tartaric and malic acids, asparagin,

and several glucosides, as tannin, salicin, and amygdalin. The

effect of the growth of the fungus upon these substances may

now be considered. In studying this point the method used was

to reserve a portion of each solution tested, which could

later be compared with the remainder of the solution, upon

which Botrytis had developed.

SUGARS.

No extensive study was made of the complicated transfor

mations of the various sugars which take place under such cir-

cumstances as these. The Fehling test showed that in all cases

the solution upon which Botrytis had been growing gave a strong

reduction, so that in the case of cane sugar inversion had taken

place. It was found that oxalic acid was produced in consider-

able amount from the sugars, presumably by oxidation,

occasionally traces of acetic acid. Alcoholic fermentation was

carefully looked for, but no trace of this substance could e

detected in the distillate from the culture fluid. The sped

effect of the growth of the fungus upon dextrin, cellu
°!^

glycerin, gum arabic, asparagin, and acids, was not studied,

same is true in regard to the vegetable oils, except that

darkening in color and disappearance of the distinct nature

the oil was apparent to ordinary observation, showing t

important change took place.
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TANNIN.

The effect of the growth of Botrytis upon commercial tannin

was quite closely followed. It has already been mentioned that

the liquid gradually became of a darker color and finally nearly

black. The same effect could be shown by mixing a 2 per cent,

solution of tannin in a flask of gelatine. A flocculent precipitate

occurred, giving the hardened gelatine a white color. When
inoculated with Botrytis this color began to disappear about the

point of inoculation and turn brown. Gradually the change

spread, keeping pace with the growth of the organism, until

finally the whole mass of gelatine to a considerable depth had

this dark color. This is an excellent method for showing this

reaction.

A solution of tannin in the stock solution was divided into

two portions and one inoculated with Botrytis. After the end

of one week the latter was dark brown in color, while the orig-

inal portion was still nearly colorless as at first. Both gave a

' eP purple precipitate with ferric chloride. With calcium

hydrate the original solution gave a white precipitate, changing

t0 Hlac (tannin reaction.) That upon which Botrytis had grown

gave a heavy precipitate, the color of which could not be clearly

distinguished on account of the dark color of the liquid. Another

Portion of the Botrytis liquid was agitated with ether, and the

ether then poured off and tested with calcium hydrate. This

gave a brown precipitate rapidly darkening (gallic acid reaction).

A solution of gelatine gave with the original tannin solution a
L
avy white precipitate. With the culture fluid no precipitate

Reared. After adding an excess of gelatine to both solutions

% were again tested with ferric chloride. The original liquid

£aye no reaction, all the tannin having been precipitated. The

other still gave the deep lilac reaction. It was therefore shown

P^nly that the tannin had been decomposed by the fungus, and

de

he

that gallic acid was one of the products of decomposition. To

P°rtions of each liquid calcium hydrate was added till no further

P^ipitate occurred. These were filtered, and portions of the

hltrates tested with ferric chloride until solutions were obtained
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entirely free from tannin and gallic acid. With the original

solution the final filtrate was perfectly clear. The culture liquid

still retained its dark color. These filtrates were then tested

with Fehling's solution for sugar. The first gave no result. (It

was necessary to remove the tannin, as the substance reduces
copper.) The culture fluid gave a strong glucose reaction. These
results show therefore that Botry tis decomposes commercial
tannin into glucose, gallic acid, and a dark coloring matter

whose nature was not further investigated.

SALICIN.

The culture fluid containing this substance was tested with

ferric chloride for saligenin, which was always found to be pres-

ent, though in small amounts. It has previously been mentioned
that growth upon this substance was very slow. Apparently the

usual decomposition of salicin into saligenin and glucose is

effected by Botrytis.

AMYGDALIN.

It has been mentioned that after the growth of the fungus

upon this substance was under way, an odor of almonds could be

easily detected, which was not apparent in the original solution.

This indicates the decomposition of amygdalin into glucose and

hydrocyanic acid.

It may be assumed in a general way that these changes in

the nutrient media are brought about by the corresponding

enzymes, which are secreted by the fungus. It has not been

considered necessary to the present discussion to attempt to

isolate or study these individually, though this organism is well

adapted to such a study. The method of treating substances to

be tested with an extract of the mycelium is to be used as a basis

for such work. (The citations in Green's work, especially those

on the work of Bourquelot and his associates, will be found

instructive.) The results of the cultures show in general that

this fungus is able to avail itself of most of the ordinary

constituents of vegetable tissues when unprotected by vital

activity.

«
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The cellulose enzyme calls for especial mention on account

of the prominence which has been given to it. It appears to the

writer that the discrepancy between the results of Marshall Ward

and those of Behrens, Nordhausen, and himself in this respect

; to be explained by the varying composition of the substance

broadly called cellulose, and the varying ability of fungi to dis-

solve this substance. In all cases it appears that the more easily

affected forms, the hemi-celluloses and pektoses, forming the

middle lamellae, etc., were dissolved. That the fungus studied

by the writer is able to affect, to some extent, true cellulose, is

evident from the cultures on filter paper; but in the case

described by Ward, and also that by Potter, where a strong

swelling of the cell wall was produced, the most rational expla-

nation seems to be that an entirely different enzyme was present.

(See Newcombe (11) and Green (14), P- 84. on the general sub-

ect of cellulose enzymes.) But, however this may be, the point

seems clear that the cellulose enzyme or enzymes are subordinate

iD effect to some toxic substance of a different nature. The

effect of the boiled mycelium extract, plasmolyzing and killing

^ cells with which it comes into contact, is enough to show

this. Furthermore, the cellulose enzyme idea of Ward and

Kissling allows no explanation of the first entrance of the germ

tube through the cuticle. The former says (p. 354)
"the tips

of thegerm-hyph^ attached themselves to the surface ot tne

"
"e, and then dissolved their way in, discoloring and d^troy-

the cell walls and cuticle in the immediate neighbor
~»

cuticl

- — .» nous aim tuuuc 111 tiiv. - -
-ttirk

f
»ould plainly be impossible for the same enzyme to a"a

"W" cellulose and cntin. Again it may be stated, that the

'">" of the affected tissne is distinctly a *"*£""£
" 'rom its utilization by the fungus as food. What

occurs ?

Tl>ere can be no reasonable doubt that some soluble su

^ produced by the fungus diffuses through *£**T
f

"all, and kills the cells some distance ahead of the filament-

.

0ll«i"g this, the filaments, probably under the *•""?
th
"»°<ropism, invade the lifeless tissue in all direct.ons, most!
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by simple mechanical pressure aided cellulose or pektose-

dissolving enzymes. It has not been the writer's observation,

however, that the filaments penetrate to the interior of the cells

to any great extent. Occasionally a case is seen as shown in

fig. -?, but here there appears to be no dissolving or swelling of

the wall, but a breaking through by simple

mechanical pressure The various other

enzymes then become active and the tissue is

completely destroyed.

The question still remains as to the nature

of the poisonous substance. It has already

been mentioned, and is a well known fact,

Fig. 2.— Fila-

that the formation of oxalic acid almost inva-

riably accompanies the growth of Botrytis,

being brought about by the oxidation of car-

ment of Botrytis dn- bohydrates. Analysis of the mycelium extract

erea penetrating a also shows this substance in considerable

amount. DeBary considered the possibility

of this substance being concerned in

cell.

the effect of the fungus

upon vegetable tissue, but discarded the idea on the ground that

solutions of pure oxalic acid do not give the entire character-

istic effect of a Botrytis extract or culture. The constant

occurrence

cent.,

of this substance has seemed to the writer at least

suggestive, and its effect upon plant tissues has been studied

to some extent. It is of course well known that oxalic acid

causes plasmolysis and death of cells if sufficiently strong.

Lettuce leaves were placed by the writer with the petioles

submerged in Botrytis extract, and 0.125 per cent., 0.5 per

and 1 per cent, oxalic acid. After a few hours of this treatment

a remarkably similar effect was observed. All showed marked

softening of the tissue where touched by the liquid, followed >

collapse and shriveling. The effect of the weakest solution o

the acid, 0.125 per cent., was as marked as that of the extrac .

The boiled extract showed no appreciable difference in effect

the eye from the unboiled. In all five cases the affected tissue

had exactly the appearance of having been boiled The chief
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fierence in appearance was that the acid had a bleaching effect

?on the tissue, while that in the extract became darker colored.

Iicroscopically some similarities and some differences were

noted. The cells in the acid were strongly plasmolyzed and

llled. In collapsing they pulled apart from one another, so

that even in the 0.125 per cent, solution the tissue was almost as

ompletely macerated as in the Botrytis extract. It may be

ated conservatively that in a O.125 per cent, solution of oxalic

quent

g
The cell

wall was somewhat swollen in the acid, but not in the extract. The

disintegration of the protoplasm was more marked in the extract.

De Bary found in a sample of Sclerotinia extract 0.319 per cent.

oxalic acid. The writer has found over 2 per cent, in the

mycelium extracts from old cultures to which sugar had been

abundantly supplied. It can therefore scarcely be doubted that

'n such an extract the acid alone would have a marked effect
* 1 JL

liq

dging

r°wth of the fungus by those of such extracts, that with genm-

»*g conidia or filaments rapidly advancing into new tissue no

s«h amounts of oxalic acid could be expected to accumulate.

I{ ^ therefore necessary to consider the effects of much more

d^e solutions. , •

Solutions of 0.01 and 0.05 per cent, were prepared, and tnei

effects Up0n vegetable tissue studied as before. When tin
-

®* of lettuce petioles were placed in these Wttk **"*
Wer with others in pure water, the effect was still strong

***. Within a few minutes a bleaching was ******
-J

s

the

ly disappeared *To —« wuiur naa entirely uisappv^*

—

.

f
» most

*** but an effect almost identical with that shown in the W**

y affected tissue in fig. I soon developed.
11)'

affeclCeable
i5 me granular appearance ~- -—

^S—
"cularly Lr the Jails. Whether *£*£
an insoluble oxalate, or to a change m w F*^^

fficul
* to determine.

of
ppears
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the cells are killed by poisoning, without plasmolysis, both by

the fungus itself and by very delicate solutions of oxalic acid,

while with the stronger solutions obtained in mycelium extracts

or made up directly with the acid the same effect is accompanied

by plasmolysis. The softening and bleaching effect of the acid

even in o.oi per cent, solution was very evident to the naked

eye.

The production of gallic acid from tannin by the growth of

Botrytis has been described above. In a I per cent, solution of

this substance a lettuce leaf petiole became softened and col-

lapsed much as in the Botrytis extract, but more slowly. A

dark color was produced much as in the extract, rather than the

bleaching by oxalic acid.

It seems to the writer that we have to seek in some such

explanations as these the cause of the poisoning and death of

the cells of tissues attacked by Botrytis. Most of those who

have considered the subject before seem to have overlooked the

fact previously stated that two distinct effects are brought about

by the fungus, and that no one substance can produce both of

these. That the first or poisonous substance is not an enzyme

is plainly proven. That it is oxalic acid seems more

probable from the regular occurrence of this substance and its

described effects. The discoloration of the cell walls which the

fungus produces, rather than the bleaching 1

than

by

tion of tannin or some similar compound.

There may now be considered briefly, in the light of this

ency

ishment preliminary to its parasitism. If spores of Botrytis are

sown in water upon living tissue no infection ordinarily res

If a drop of prune juice or any good nutrient be added, inrec

often takes place, under the conditions previously enumerate .

way by tatement that the

fungus acquires vital energy or vigor, by such nourishme

due-
Expressed more definitely, the idea has been that the pro

tion of the cellulose-dissolving enzyme is stimulated by
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means, and that the varying ability of the fungus to infect

directly depends upon a varying power of enzyme formation

from the reserve material of the conidia. The theory advanced

in the present article is easily adapted to the known conditions

in this respect. The addition of a nutrient solution would at

once bring about the formation of oxalic acid, poisoning the

subjacent tissue and permitting the entrance of the hyphae

through the dead cuticle and epidermis by mechanical force

under the influence of chemotropism. That this effect would be

favored by the conditions under which Botrytis attacks living

tissue needs no explanation ; thickness of cuticle and epidermis,

and vital activity of the host being the most potent controlling

factors. Without such nourishment the ability of the germ

hyphae to enter the plant depends upon the amount of acid

formed from the reserve material in the conidia. In the linden

and rose diseases studied by the writer (13) the conidia formed

*ere found to be of unusually large size. Marshall Ward found

in the lily disease, where infection took place as well without

saprophytic nourishment as with it, that the conidia were much

above the ordinary size, and observation in general shows that

*here Botrytis grows actively and luxuriantly upon living plants

the conidia are very large. Are not these points suggestive of

an increased power of infection due to the increased amount of

eserve material ?

SUMMARY.

Briefly stated, the main point of this article is as follows:

!t » the best known works upon the parasitism of Botrytis and

*r fungi too much importance has been ascribed to a cellu-

le-dissolving enzyme. Two Staff* in the process should be

^y distinguished : first, a poisoning and killing of the ce b ,

aDd second, their disintegration and utilization as food b}
tn

Sus. ' "

" &
by- *n^ iUbL enect appears iu ut ^*~— * .,^ there are strong reasons for supposing to be oxalic acid.

Fol-

hich
^ed by the fungus as a by r ---WmS this, a number of different enzymes a.c-— - ^

st the various constituents of the tissue. The ide J
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these enzymes probably varies somewhat in different cases, and

apparently more than one occurs which affects different forms of

cellulose. The substance causing a marked swelling of the cell

wall in the lily Botrytis, studied by Ward, and the turnip bac-

terium by Potter, appears to be an enzyme not ordinarily pro-

duced by Botrytis cinerea.

' In conclusion, it may be remarked that these results have a

very suggestive bearing upon the parasitism of many other fungi

which bring about a rapid destruction of the host tissue.

Massachusetts Agricultural College,

Amherst, Mass.
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THE DEVELOPMENT OF VEGETATION IN THE
MORAINAL DEPRESSIONS OF THE VICINITY OF
WOODS HOLE.

Charles H. Shaw.

(with six figures)

Few regions afford better opportunity for observing the

stages in the history of small swamps than the vicinity of

Woods Hole, Mass. The land of the neighborhood, a few out-

crops of Cretaceous strata excepted, consists of the eroded mass

of a terminal moraine. Clay, sand, and fragments of stone grad-

ing up to huge bowlders constitute the country rock. Indenting
i t _ I

mass
the

Lab

ent

peculiar depressions known to geologists as "kettle holes."

In such hollows ponds and lakes have formed, each one the first

term of a long series ending in its own obliteration. The changes

b.v which the pond is destroyed, and in which vegetation plays

so important a part, furnish a subject of absorbing interest.

Many workers have gone far toward giving us an understanding

of such a history. However, our knowledge is not complete,

a«d questions which arose in the work at the Marine Biological

oratory have led to this attempt to answer them. The pres-

Paper may be conveniently divided into three sections.

PHYSICAL FACTORS EROSION AND DEPOSIT.

The authors who have pointed out the interesting and im-

?°rtant part played by vegetation in the filling of ponds have

f°*% minimized the purelv physical factors. At times tne

itter Play a leading, and at times', as in cases mentioned later,

an exclusive part.

The amount and the character of the silt washed down vanes

;ea% with the nature of the surrounding surface. Vntf^ has been disturbed by man, the quantity of materia

brought in, even by summer rains, is often astonishing.

437
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road.

Fig. i shows a pond in the edge of the village, adjoining a

2 there was a thunder shower lasting for aboutJuly

an hour. During that time a deposit was formed at one corner

of this pond some 2 5
sq - m in area and 30-90°™ in depth. Four

weeks later came another, less violent shower. The surface of

the first deposit was cut down part way across by 40-50cm ,
and

Fig. 1.—Pond in edge of village.

the material, aggregating many tons, borne farther out. The

obliteration of this pond within two or three years may be

expected. Of course, we are here dealing with highly disturbed

conditions, but nevertheless the case may serve to enlarge our

ideas as to the rapidity with which silt may be moved down.

During the early period immediatelv following the retreat of t M

glacier, and before vegetation gained a footing, deposits in these

depressions must have been made with enormous rapidity.

Where the pond is surrounded by grassy fields, the washing-

in process is much restricted. That it still goes forward, how-

ever, one need only examine the pond margin to learn. A zone
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of fine earth and sand encircles the pool, pushing slowly inward.

If the contour of the surrounding land is such that the rain

rivulets cut out a gully, the zone of silt deposit opposite its

mouth indents the pond as a sandy or gravelly delta. These

borders and deltas of silt become the seat of well-marked plant

societies. Gratiola aurea in particular occurs with regularity,

and its yellow blossoms may indicate to the eye at a distance

the limits of such deposits. If the pond is situated in the deep

woods, results are produced which are apparently paradoxical,

and will be discussed below.

NOTES UPON SUCCESSIVE STAGES.

Large holes present, of course, the earliest phases, and in the

small ones the more advanced conditions are found. As a type

of the former we may chose Long pond, near Falmouth village.

It is about 2^ kilometers long, and reaches a depth of 28

meters. The shores are of the usual morainal materials, and in

some places precipitous. As usual in such cases, it is without

drainage, yet its depth and area are such that its water is well

aerated, and, as analyses have shown, is nearly free from organic

matter. The scanty vegetation admits of being described with

some exactness. In the body of the pond no plants are seen.

Near the shore appear some filamentous algae, and four species

of flowering plants. The latter are distributed in two zones,

sharply and surprisingly separated by one destitute of veSe

^
tl

^
Limnanthemum lacunosum forms a continuous belt, ut one

which never touches the shore line. Soundings taken all around e

kke show that the Limnanthemum zone is here confined to ca

between 0.6 and 3.9- in depth. These soundings were ma

August, when the water was about 20cin lower than the line

on the rocks. Limnanthemum, then, is here able to ancn

th* bottom and float its leaves in water somewhat exceed ^
m ^pth. Lobelia Dortmanna appeared in about the^T^
growing entirely submerged, and could be seen trom 1

thr°ugh the transparent water. For obtaining sPecl"cn

lng suit was useful. Many of the plants had put forth ion, v
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at the time, but these could not reach the surface, and the

blossoms decayed without opening. Like the preceding species,

this did not occur in the shallow water next the shore line.

Gratiola aurea, in its strictly hydrophilous form, was found in

company with these also, but did not appear to flourish.

Between the zone of these three plants and the shore line

was a space of open water, devoid of phanerogamic vegetation.

On the shore line, its roots submerged, Euthamnia {Solidago)

grami?iifolia appeared, and its rich border of bloom nearly cir-

cuited the pond. That the zone of Limnanthemum and Lobelia

did not extend inward till met by Euthamnia seemed a circum-

stance needing explanation, especially since both the former

flourish elsewhere in very shallow water.

At some points wrave-marks on 'the bottom had been seen,

and it was noticed that the outer limit of these coincided with

the shoreward limit of the Limnanthemum zone. Sandy silt in

some quantity was coming in from the surrounding slopes.

Limnanthemum plants along the shoreward margin of the zone

were found buried in sand at the bottom, and dying. There

seemed then reason for believing that the shoreward limit of this

zone was set by the action in shallow water of the wavelets in

shifting the silt, and burying the bottom-growing vegetation.

Fig. 2 is a graphic illustration of action of this sort, drawn

from a large pond on an adjacent island, called West end lake.

Silt is coming into the pond from the low surrounding hills. At

one spot a great bowlder, out from the shore line, breaks the

wavelets, and the silt has run out to it as a sandy peninsula

whose curving sides represent the hyperbola of the broken wave

action. Thus the outlying bowlder plays a rather fantastic part

in the growth of the land, and shelters a certain area from the

smothering action of material which comes from the shore. The

nearly clean, sandy bottom of the margin of this lake is due to

the fact that the shallow water vegetation is constantly over-

whelmed by the encroaching silt. Sheltered behind the bowl-

der, a colony of /uncus militaris is growing.
At Long pond, Euthamnia, nevertheless, grew just at t e
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1

shore where the danger of burial was greatest. Explanation of

this fact was found by digging, for the plant possessed running

stems, penetrating the sand in all directions in a manner similar

to sand binders, and like them was able to grow out as fast as

buried. Limnanthemum and Lobelia have no runners, and so

are driven to the zone beyond.

At the south end of Long pond, the slopes surrounding are of

4*

Fig. 2.—West end lake.

—^wuiuur mat wasuiuga wumw ^- 4 . *

Portion of the shore line. Moreover, the surface ™
^ fe

Portion has been broken by cutting a road, and silt is ro^^ ^
great quantities. Where this material reaches the shorty^
sandy beach is formed, and from the beach it has a

^
van

the
The diagram

Pond some 30 meters as a submerged delta.
j ^

'

') may aid in making the case clear. The ou1 ^
J*i is shaded

; the sandy beach represented b> ^^
** the Limnanthemum-Lobelia zone (indicated

^ ^
Clrc 'es) follows closely the outline of the submerge

^
tk„ r, ..

^
. 'outlined by the scr

,the Euth
mte

amnia zone on the shore (

rrupted by the sandy beach. The fact is that the former
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m

zone is driven outward by the advancing" silt, and the latter

interrupted altogether, despite the running stems of Euthamnia.

Rowing around above the edge of the delta, and looking down
through the transparent water, one can see colonies of Lobelia

growing in the little hollows around the margin of the deposit.

If the latter should advance, the

fate of these colonies is easy to

predict.

Fig. 4 is from a photograph

taken from c, and including the

shore line from d to e. From d to

b may be seen the sand beach, from

b to e a portion of the Euthamnia

zone, which continues unbroken a

kilometer or more from that point.

Somewhat more advanced than

that of Long pond is the stage of

J&JC&-

Fig. 3.—Diagram of south end
of Long pond.

a pond near by. The latter is

smaller, and analyses here show a considerably greater propor-

tion of organic matter. Portions are shallow, and in suchorganic

Nuphar and Pontederia are making dense beds. Along the

margin Euthamnia finds the space disputed by Lysimaekia strieta,

Running subterranean stems areLycopus, and Coreopsis roseus.

possessed by all these plants, and they are able to defy burial by

silt in moderate quantities.

The history of the destruction of the shallow pool has been

often described. The encroaching of the plants from the mar-

gin, the increase of such plants as Nuphar and Nymphaea in the

body of the pool till a footing is afforded for less anchored

forms, and the consequent formation of the floating mat, may
be here passed over with a few local notes. All stages may
be splendidly seen in this region. Among recollections of the

summer are vivid ones of trying to reach attractive catches

of Xyris or Drosera
P

in bloom, and learning that the apparent

ground was only floating mat with ominous depths below.

Nuphar and Nymphaea take an important part in the first
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formation of the floating vegetation. When a pond happens to

be of nearly uniform depth, of l
m or less, Nymphaea may grow

in a luxuriance almost incredible. In such a pool, perhaps 150

meters in diameter, near Succonesset point, water lilies were

growing and blooming in such profusion that when it was found

in July the surface of the pond seen through the trees gave the

wk

:

^->^WH

Fig. 4.—South shore of Long pond.
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When such anchored forms, especially the strong ones like

Nuphar, gain a good footing, the floating mat vegetation fol-

lows apace. Several species of Utricularia aid greatly in this

process, by means of their floating and branching tufts. Sphag-

num and other mosses, Carices, Xyris, and Drosera appear.

In still further building the mat, and in giving it firmness,

Several adaptationsDecodon verticillatus plays a leading part,

give it its preeminence, namely, the firmness of its woody roots

and stem bases; its ability, nevertheless, to grow almost float-

ing, only slight support being necessary ; and its power of

propagating from the tips of its shoots wherever they touch the

water. The woody parts mentioned are clothed with thick

layers of aerenchyma. Probably this tissue is not only a means

of respiration, but also of importance in floating the plant.

Decodon occurs almost universally in the yielding ponds.

We have seen that in Long pond, an open lake, the vegeta-

tion is purely hydrophilous. About the time of the formation

of the floating mat, the general conditions rapidly become xero-

phytic. Following Decodon, and finding footing on its stools,

appear a host of xerophilous shrubs. Clethra alnifolia, Azalea

vncosum, Vacciniam corymbosiim, Ilex verticillata, Myrica cerifera

and M. Gale, Andromeda ligustrina, Leucothoe calyadata, some-

times Cassandra and others, rapidly transform the floating mat

into a swamp thicket. It is observable that these shrubs, though

representing widely different alliances, have a certain common
facies. All have alternate, simple, lanceolate, nearly entire and

nearly smooth leaves.

Decodon passes away before the shrubs, and in due time

seedlings of trees begin to appear. As these trees, often wholly

Chamaecyparis, grow, the shrubs are overtopped and yield, and

the series enters a final cycle as a Chamaecyparis swamp.
Three such swamps in the immediate vicinity of Woods Hole

afford beautiful illustrations of these final stages. For the sake

of description we may designate them as x, y, and z.

In x the water still stands for most of the year between the

stools. Chamaecyparis trees, 10-25 cm thick, rise from these

m
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stools, and only close to their bases may the visitor here find

footing. Clumps of Vaccinium corymbosiim and Leucothoe show

that these shrubs survive shading better than the other members

of the bygone thicket. Between the trees a rod may be thrust

,
Chamaecypwfo swamp

dowD
5 meters without touching bottom. U on

^
suc

* u- . . , , _ j—„ on^ dark pool p«

k
g his way to the center, he finds a deep

K

d
Ps 50 meters in diameter, of whose appearance

* 8*ned from
fig. $. On ' " ~* ""

bo
clinS » to preading of the trees g
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tufts of Usnea barbata, simulating Tillandsia tisneoides, hang from

the trees, and if the beholder is of an imaginative disposition,

the weird scene becomes for him a recess of some sub-tropical

swamp.

In y the water is less in evidence, and sometimes disappears

from the surface for many weeks during the summer. The trees

average slightly larger. In depressions between their stools

Sphagnum is growing; on the stools themselves, thick cushions

of other mosses. Shrubs are nearly absent, the lower portions of

the trees' trunks are branchless, and one looks through sombre

forest aisles, darker and more still than those of a pine forest.

No pool is found at its center; matters have gone farther here,

and the encroaching vegetation has covered the one time pond

completely over.

In swamp z water is ordinarily absent, and the ground is firm

enough that one may walk where he will. The trees are notice-

ably larger, some reaching a diameter of 45
cm

. Osmunda cin-

namomea grows in abundance. Young cedar trees are scarcely

found, and one realizes that he beholds the penultimate term of

the long series.

THE ORIGIN OF POND-ISLANDS AND ATOLLS.

In frequent instances the filling-up of the pond takes place

in a fashion seemingly paradoxical. Instead of the deposit

margi thegradually encroaching from ...„ 6 .„, „.
center and leaves a narrow belt of open water about the edge of

the pool.

Fig. 6 shows a case of pond perhaps 1 5 meters in diameter,

Q
the middle is a fact calculated to arouse the curiosity of a

layman. The sharpness of the ditch and the frequency with

which it appears call for an understanding of its origin. Per-

haps it is the same as described by MacMillan 1 in connection

with "plant atolls." Yet the hypothesis put forth in the paper

cited seems scarcely applicable to the present cases.
1 On the occurrence of Sphagnum atolls in central Minnesota. Minnesota Botani-
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If the pond were larger and deeper than the one shown in

fig. 6, a pool would remain in the center and we should have a

ring of vegetation between the ditch and the central pool.

Indeed there is at least one such veritable atoll in the vicinity

at present in question, and it is found in a larger basin, perhaps

ioo meters in diameter.

Fig. 6.—Pond -island near Quisset harbor.

The view is here taken that this atoll at least differs from a

M-isIand only in the fact that a larger kettle-hole is involved

and that in consequence a ring of vegetation is formed instead
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generally soon seized upon, and the fact that these marginal

ditches remain devoid of vegetation, not being even bordered

with the usual water margin plants, suggested to the writer that

there must be some cause which prevents the growth of vegeta-

tion in that zone, and that this might be identical with the one

which originally gave rise to the ditch. A rise of water, in

conjunction with such a cause, might make a compound atoll.

Atkinson, in his Lessons i?i botany, makes additional sugges-

tions in regard to the origin of the ditch, one of which is that it

is caused by the shade of trees and shrubs growing on the solid

land, and thus giving low vegetation around the border of a

pool a poor opportunity. However, the northern edge of a

pond is quite exposed to the sun during the hours of midday,

yet the ditch exists there as markedly as anywhere else.

It was observed that formations of this character were found

only in wooded districts, or on those recently cleared. Portions

of the islands of the neighborhood are treeless, and in these

localities the ponds were filling up from the margin in the well

known manner.

Another fact was eventually noticed, namely, that the ditch

varied in width, and that this variation bore a constant relation

to the contour of the surrounding surface. The ditch is always

widest where, from the arrangement of the surrounding slopes,

the most material is washed in. That fact seemed to harmonize

ill with ideas of erosion and deposit.

When the character of the material brought in was con-

sidered, however, an explanation of the different facts began to

appear. The forest floor around is of humus, and covered with

a close felt of roots, mosses, and mycelia. It does not take a

long examination to convince one that ordinary erosive action

of rain has literally ceased. Only fallen leaves and other

organic matter is washed into the pond. Such is brought in,

however, in quantities, and young plants which might start

around the edge are constantly smothered. The bottom of the

reaching

av

handfuls in all
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stages of decay. New material, brought in with every shower,

adds to the decaying mass, and produces a zone nearly destitute

of growing plants, widest where the washings of the forest floor

are most swept in.

Organic material, unmixed with sand or earth, in decaying

forms solid strata very slowly. A considerable period must

elapse before this zone is filled up. Even the detritus thus

slowly formed may not remain at the margin, for the island of

vegetation is a floating one, and the real bottom of the pool is more

or less basin shaped. The islands are in fact floating mats, and

are likely to afford only a very doubtful footing, but by felling

a tree upon one somewhat smaller than the one shown, it was

possible to reach the center and learn that in that case there are

2 or 3 meters of water in the center on which the floating island

rests. The detritus resulting from decomposition of matter in

the marginal ditch slides into the deeper parts of the pool, and

thus the stage of the ditch is yet more prolonged. After the

island becomes fixed, the ditch still fills very slowly.' Even after

the central area has been occupied by trees, it often may still

°e plainly traced.

SUMMARY.

In the filling-up of ponds, the activity of vegetation is in

^ses second to the physical factors of erosion and deposit. In

°Pen pools, anchored plants with floating leaves are often con-

P

%
by The physical fac-

^ "in that zone thus exclude the organic. Plants of the shore

lin

g .r«n B similar to those of sand

Anders, which enable them to escape death by burial.

The vegetation of the large open morainal pool, tnoug

Gained, may be purely hydrophilous. About the nmeoft

Nation of the floating mat the conditions appear to become

phytic.

pond
b in 'Ws region, at least, formed only in the woods, wMr
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dense, felt of humus vegetation protects the ground from erosion.

Fallen leaves and other organic materials swept from the forest

floor into the edge of the pool tend to smother the vegetation

which might grow there, and thus is produced a belt of open

water, surrounding an island, or if the pond is larger a ring of

•vegetation.

Temple College,

Philadelphia.

I



A MORPHOLOGICAL STUDY OF THE FLOWER AND
EMBRYO OF SPIRAEA.

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY.
XXXVI.

JONATH AN E. WE BB.
f

(WITH TWENTY-EIGHT FIGURES)

The material used in preparing this paper was obtained

Wa
Spiraea sahcifoli

reenhouse, Chicago. Speci-

stages of development were

from Marquette, Michigan. The species chosen for study was
spiraea Japonica, and this was supplemented by 5. astilboides

flaniflora and 5. salicifoli

acetic acid, Carnoy's

chrom-

All-
7

__
£_j

material was imbedded in paraffin, cut in serial sections with a

Microtome, and stained on the slide. Delafield's haematoxylin
aione or in combination with erythrosin or iron alum was used
cri ierty, but cyanin and erythrosin, or the safranin, gentian -violet,

0range G combination were used in certain cases. The Car-

boy mixture was perhaps the most useful in every respect as a

mg agent, and gave very satisfactory results.

ORGANOGENY OF THE FLOWER.

Yes

Spiraea affords an excellent opportunity for the study of the

^velopment of floral organs, as a longitudinal section of a spike

many stages
(fig. /). At an early stage the rudiment of

flower appears as a protuberance in the axil of a bract (fig.

h Five rather narrow ridges arise on the margin of this pro-

* erance, and these ridges are the beginnings of the sepals,

J**
which are shown in section in fig. J. Next there appears

th

! m this circle of ridges a whorl of papillae, the beginning of

e mner five stamens, each opposite a sepal, and that this whorl

®*s follow next is shown by the greater development of stamens

45i
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in that position {Jig. 10). Immediately the third whorl of

papillae appears, the individual members alternating with the

second, and forming the second cycle of stamens, smaller and

shorter than the first, and at a greater distance from the floral

fig- Contemporaneously with the second whorl of

papillae, and while

the first three whorls

have as yet merely

roughened the sur-

face of the floral

protuberance, two

ridges, each strongly

curved and with con-

cave parts facing

each other, arise at

the center of the re-

ceptacle (fig.

These ridges fail to

develop on the inner

face except at their

Spiraea Japonica. extremities, and the

FlG. i.—Longitudinal section of a young spike, result is tWO carpels
showing floral development. X 23.

Fig. 2.—Floral papilla in the axil of a bract

X 54.

with cavities facing

each other and nearly

sepals. X 54.

Fig. 3 —A later stage showing first appearance of filled by the large

_ development of the
riG. 4.—A stage showing sepals and stamens. . , _,

l.-.u
ridge-ends, wnicn

Fig. 5.—Longitudinal section passing through one form the placentae,

side of the center of a flower, showing three stamens. The transverse sec-
X 54.

X 54.

Fig. 6.—A longitudinal section of the same flower
exactly through the center, showing that the capillary

tions in figs. 8 and 9

show this cavity, and

ance of petals. X 54

cavity is not yet closed above, and showing first appear- how it is filled by the

placentae before the

development of the ovules. Although there are five carpels in

Spiraea salicifolia and two in S. Japonica, leaving opportunity for

variation from two to five, no evidence was found of the rudi-
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ments of more than two carpels in the latter species. Once the

form of the carpel is established, a rather uniform enlargement

of all parts gives the necessary room for the many ovules. At

:be stage indicated in fig. 9 the last cycle of floral parts, that of

the corolla, has appeared, the petals alternating with the sepals,

and lying just within their edges.

Spiraea Japonica.

Ik;. 7.—Transverse section of flower at the base of

the carpellary layer. X 54-

Fig. 8.—Section of same flower at point of maximum

development of placenta; aa, bb, the ends of the two

ridges enlarged, thickened, and curved. X 54-

Fig. 9.—Transverse section immediately above the

plane of insertion of stamens and petals upon the recepta-

cle ; *, bract ; t, sepals ; st, stamen of the inner whorl
;

e,

carpel ; st, stamen of the outer whorl ; /, petal. X 54-

pIQ I0._Transverse section immediately above the

top of the carpels, with ten stamens in section. X 54-

F , Gi , 1.—Transverse section near top of the largest

stamens. X 5 4-

This development of floral parts in Spiraea shows that the

order is as follows : sepals, inner stamens, carpels and outer

Th
(A

*»e development of microsporangia and megasporangia is

raPid, and maturity is reached in a week or two ;
the megaspor-

angia, however, attain their full development later than the

microsporangia. At an early stage the anthers have, to some

ext<*t, become rounded and enlarged, while the carpellary cav-

!t>' even has not yet been closed over above (fig. 6). Ag*
1

.

** the four microsporangia of an anther are well marked, the
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placentae are still wholly undifferentiated (figs 'S)-

mi

P!

The ovules are yet without integuments at a time when the

microsporangia have a well marked tapetum and thesporogenous

tissue has neared the spore mother cell stage {figs. 17 and 18).

The initiation of the integuments on the ovules occurs at the

time of the tetrad stage of the

microsporangia, or while the pol-

len grains are separating and

becoming round, and before the

dominant megaspore has been

determined. At this stage the

microsporangium is inactive until

the pollen is shed.

THE MICROSPORANGIUM.

In the development of the

flower the second whorl of papillae

to arise on the receptacle is that

of the stamens. These papillae

early become stalked below, en-

In

Spiraea Jafonica.

Fig. 12.—Transverse section of a larged and rounded above.
young stamen showing homogeneous Typha* this enlargement does not
character of the archesporial mass.

JV
M

*
mull*occur until much later. While

the placenta is still composed of

large, undifferentiated cells, and

before the appearance of the

ovules, the microsporangia have
through placenta of same flower, attained their characteristic quad-

rilocular form, and the epidermal

layer is separated from the hypo-

X 54.

flG. 13.—Section through center
of flower after carpellary cavity is

complete, showing placenta; mi,
microsporangium

; //, placenta. X 54.
Fir* Longitudinal section

X 350.

Fig.

same flower. X 350.

orangium of

fig*
12

and ij). This is the first differentiation of any kind in the

cells of the microsporangium, characterized by size of cells,

thickness of cell walls, or depth of stain ; and no archesporial
cell

'Shaffner, Bot. Gaz. 24 : 94-95. 1897.
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series of preparations. Shortly thereafter the peripheral layer

of the hypodermal mass may be distinguished by its lighter

color and incipient periclinal division, which results in two narrow
layers of cells derived from the archesporial tissue, as shown in

fig. 18, the latter showing this division of the hypodermal layer

partially completed, and
with no precise differenti-

ation of the cells of the

included sporogenous
mass. For although the ;// *

separation of tapetum 0-V--
r
~-

fro

has

there

show

sporogenous tissue

already been made,
is nothing which

> this conclusively
but the peripheral position
of a layer of cells, and the
number of cells in a cross
section qual
the number in later stages.

other hand, the
On the

cells of the tapetal cv

b> Fig. 1 6.

—

Spiraea astilboides planiflora. Longi

Shape and
'

t'
'

tudinal section OI a flower, showing all parts, inclu-

mtimate associ-
dinf? peta js an(j ovules; mi, microsporangium ; o,

atlon with those of the ovule, x 54-

Central sporogenous
that the

mass

and

one.

origin tapetal

Fig. 17.—Ovule of same section, with tapetum

cut off. X 350.

Fig. 18.—Microsporangium of same section,

from be

Sporogenous cells is with division to form the endothecium. X 35°-

Fig. 19.—Spiraea salicifolia. Transverse sec-

tion through microsporangium with well developed

tapetum. X 35°-
keep

posi

rtner

cells. Th

ng sporoge

eir position, however, compels them to act as pur-

*?<** of nutrition
which

to the
fchey are eminently

poro

)'
er
y accomplishment

P

be
of this task they are so

ng, like their sisters, as spore

for

by the

ged as
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Although such an explanation of the tapetal layer is impossible

for many microsporangia, as in Cnicus, 2 yet its possibility has

been suggested by Coulter in Ranunculus.3 By gradual changes
the tapetal layer is clearly differentiated from the spore mother-
cells until it stains more deeply, has a more homogeneous appear-

lires a tendency to separate from the sporeance, and q

Spiraea Japonica,

Fig. 20.—Longitudinal section through flower with all parts represented and
showing beginning of the integuments. X 54.

Fig. 21.—Pollen grain with two nuclei at time of shedding. X 550
Fig. 22.

tial

Longitudinal section of young ovule with four archesporial cells. X 55°-

Fig. 23.—Longitudinal section with the first layer of tapetal cells and two poten-

mother-cells, although several cells in the layer might from their

appearance be either tapetal or sporogenous {fig
«»V This

stage is followed by tapetum, until it

becomes a layer rich in food material, homogeneous throughout

* Coulter, Contributions to the life history of Ranunculus. Bot. Gaz. 25: 73~88 -

pis. 4-7. 1898.

3 CoULTER, ibid.
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surrounding the spore mother-cells in a late synapsis stage, and

surrounded by two layers of narrow, lightly staining wall
itself

cells. This condition p some time as regards the

tapetum, until one of the wall layers is absorbed and the other

has become very much thickened at the stage of the division of

the spore mother-cells into tetrads ; then the

microspores round up, and at the time of shed-

ding they have tap

and have absorbed their contents. Of the two

layers between tapetum and epidermis, men-

tioned above, the inner has now disappeared,

having been absorbed by the tapetum for the

benefit of the sporogenous tissue. The outer or

endothecium has become a thick layer by rea-

son of the enlargement of its cells in which the
raeaJaponict?,

Fig. 2^,— Spi-

nuclei are not conspicuous, but the walls have Longitudinal section

characteristic thickenings. At this stage there fc - "-1*an

w
THE MEGASPORANGIUM.

showing a row of

three tapetal cells

and one large mega-

spore mother-cell. X
The comparative rate of development of sta- ^

wens and ovules has already been stated. Long-

before the appearance of the integuments, and while the ovules

cells

diffe

Pi

g

r in size and arrangement of contents from those ot neign-

ig cells

ovule

{Jig. 22). This mass of archesporial cells in the

ir*g two

the oth

cells of

results in form-

tptal mass, and

er th

of Spiraea is comparable to that found in Rosa

D}' Strasburger.4 Ensuing periclinal division

masses, the hvpodermal being the .«r •

e sporogenous mass. Successive divisions of the

the tapetal layer by periclinal walls result in adding

^ch to the length of the ovule and the distance from the

sPorogenou S tissue to the epidermis. Periclinal divisions in

th* epidermis itself also add to the length of the ovule

'Strasburger, AngiospermenundGjinnosperroen. l8 ' 9 '
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{Jig. 25). This method of division causes a radial appear-

ance in a longitudinal section from the region of the embryo sac

to the micropyle, which has been figured for Rosa livida by

Strasburger, 5 and occurs in other members of the rose family,

such as Pints Mains. There are variations in the number of

megaspore mother-cells which enlarge for division. This number

is usually one, but often two or three begin to divide, and then

Fig. 25.

—

SpiraeaJaponica. Longitudinal section of an ovule with integuments,
large tapetal development, three large potential megaspores, and several megaspores
breaking down. X 550.

Fig. 26.—Spiraea Japonica. Longitudinal section of mature embryo sac normally
developed, showing thick nutritive cells in the chalazal region. X 550.

all but one break down. The successful megaspore is the one

nearest the chalazal end of the sac, and it may be one of two,

{fig- It is very seldom that a megaspore
nearer the micropyle shows any signs of reaching the fertil-

ization period, although this doubtless happens in some cases,

as is indicated by fig. 2j, in which the megaspore nearer the

micropyle has begun to develop, and is evidently the one which
will reach maturity.

s Strasburger, ibid.
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The embryo sac follows the normal order of development,

and at an early stage there

chalazal region adjacent

occurs a thickening of cells in the

to the megaspore (fig. 26), and this

spreads until it includes the whole of the layer of integument

adjacent to the nucellus (fig. 27). At this stage the contents

of the embryo sac are rich in food material,

especially starch.

THE EMBRYO.

In reference to the embryo, it need only

be said that the development is regular and

normal, and that the suspensor, unlike that

of the legumes, but in accordance with typi-

cal illustrations of suspensors, consists of but

a single row of cells of no extraordinary size

(fit- Their purpose is evidently that

of directing the food supply derived from the
Fig. 27.— Spiraea

Japonica. Megasporan-

gium in which two

megaspores of the same

row, resulting from one

division of the mega-

spore mother-cell, have

begun to develop, with

the micropylar spore

ahead. X 55°-

embryo sac, and supplied

by the endosperm, which

surrounds or clings to

the embryo at this stage,

to the embryonic root

region.
>

CONCLUSIONS

I . The order of floral

1 . -

-

development is as

lows: sepals, inner

fol-

sta-

Fig. z%.—Spiraea Japonica. Longitudinal sec-
niens? carpels, outer Sta-

m trough a young embryo with simple sus-

Pensor. X 550.
mens ,

petals
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2. The microsporangia reach maturity before the megaspo-

rangia. -

3. No archesporial cell or plate of archesporial cells is differ-

entiated in the microsporangium.

4. The tapetum is cut off from the outside of the sporoge-

nous mass.

5. Several archesporial cells are differentiated in the mega-

sporangium. These cut off tapetal cells, by the divisions of

which the megaspore mother-cells become deep-seated.

6. The megaspore mother-cell which is centrally located

develops, and the megaspore near the chalazal end of the ovule

is usually the successful one.

7. Enlargement of certain cells with thicker walls and denser

staining contents takes place in the chalazal region of the nucel-

lus as nutrition is supplied through these cells for the develop-

ment of the embryo sac.

8. The development of the embryo is normal, and the sus-

pensor is simple.

The work in preparation for this paper was done at the Uni-

versity of Chicago, under the direction of Professor John M.
Coulter and Dr. Charles J. Chamberlain.

Hull Botanical Laboratory.



BRIEFER ARTICLES.

NOTES OF TRAVEL. IX.

A PRECOCIOUS POPLAR BRANCH.

(with one figure)

In the plaza at Patras, the principal commercial port of Greece, are

a number of poplar trees that have been recently planted out for shade.

When I was there in March

1901, these trees were just

beginning to unfold their

leaves, and my attention

was attracted by a remark-

ably precocious branch on
one of them, which was so

far ahead in its develop-

ment that it stood out as

prominently against the

sky as a clump of mistle-

toe does on a Kentucky oak
in winter. The leaves on
this branch were fully de-

veloped, in fact seemed to

me more luxuriant than
usual, and the case was so
striking that I took a kodak
Picture of the tree. On
examining the branch
somewhat closely, I found
tnat it arose from a wound
which seemed to have been
Produced by some wagon
•ri its

street

passage along the

The wound had
heal?d, and this most pre

*»*«?in^r -

* i,h

precocious branch-

!902] 461
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cocious branch originated near the callus which had formed

over it.

The importance of this curious case of precocity is its possible

bearing upon the production of earlier developing varieties of shade or

fruit trees. The literature may be full of references to the matter, but

so far as 1 am aware no one has made the attempt to originate an early

leafing variety of ornamental trees by wounding the branches and

looking for precocious shoots from the wounds, from which to propa-

gate by buds or cuttings. It is possible that cuttings taken from a

branch originating in this way may prove no earlier than the mother

plant, but there is also a possibility that the wound has led to the pro-

duction of an adventive bud which has varied in the direction of

precocity.

I am confident that in such cultures as the hop, where the plant

has been propagated asexually for centuries, bud variation plays an

important part in the formation of new strains or races; and new

Citrus varieties are suspected to have originated in this way. Just how

great this variation is, and how often it can be utilized, remains a ques-

tion for research. The case here described seemed so striking that I

thought it worthy of a short note and a photograph. There was no

sign of the branch having been budded with a different variety, and,

unfortunately, I do not know the species of the tree. In fact, the

interest of the case only appeared to me after I was many miles away

from Patras.

It would be interesting to know whether the same branch devel-

oped a second year much earlier than the other branches of the tree,

i.e., whether this precocity was the result of a direct but transitory

stimulus of the wound, or a constant character of the bud produced

near the wound.—

Washington, D. C.

>/

NUMERICAL VARIATION OF THE RAY FLOWERS OF
COMPOSITE. 1

(with one figure)

The following observations constitute a preliminary report upon the

variation, both numerical and morphological, exhibited by the flowers

1 Contributions from the Laboratory for Plant Physiology and Pathology of the

Alabama Polytechnic Institute. I.
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and inflorescence of the Composite, a subject.which I have had under
investigation for several years. The present paper treats only of the

numerical variation found in Helianth

These particular studies were completed while I was connected with

Curve of variation.

the Oklahoma Agricultural and Mechanical College. I take pleasure

!

.

n acknowledging my obligations to Mr. A. C. Lewis of that institution

tor
assistance.

If »« may judge from some recent utterances of botanists and zool-

° sts
>
is is evident that the mathematical and statistical study of varia-

b

,0
« w destined to occupy a prominent part in the development of

'°'°gical research. Dr. Robinson, in his address as retiring President

th
* Botanical Society of America, said/'that among the subjects which
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seem to invite immediate attention the most important are : (1) the

determination of the modes and degrees of variation, an investigation

which alone can yield data for a more critical discrimination of plant

categories." 2 Equally forceful words were spoken by Dr. Davenport in

his address as retiring vice-president of Section F of the A. A. A. S. at

its Denver meeting. He said 3 " the science of variation is therefore

one of those that we may hope to see established in this century. I

feel convinced that statistical studies are first of all necessary to lay the

foundations of the science.'
7 The recent establishment of the periodi-

cal "Biometrika" will do much to increase the general interest in this

department of biological investigation.

The specimens of Helianthus annuus selected for this study were

growing on vacant lots in Stillwater, Oklahoma, forming there the

typical sunflower waste-formation so characteristic of that region.

Determinations of the number of ray flowers were made on a total of

1 103 heads selected at random over the various vacant lots. The follow-

ing tabulation and curve of variation show the results thus secured.

I Individuals
Class in the

class

12

13

14

*5

lb

*7

18

20

21

22

23

24

25
26

27
28

10

22

23
25
22
26

40
50
112

352
80

50

40
42

25

36
18

Percentage
of individ-

uals in the

class

O.90

I.99

2.08

2.26

1.99

2-35

3.62

4.53
IO.15

31.91

7.25

4-53
•3.62

3.80

2.26

3.26

1.63

Percentage of in-

dividuals in this

or a higher class

100

99-09

97-09

95.01

92.74

90.75

88.39

84.76

80.23

70.08

38.16

30.91

26.38

22.75

18.94

16.68

1 3-4

1

Class
Individuals

in the
class

29

30
31

32

33
34
35
36

37
38

39
40
41

42

43
44
45

Percentage
of individ-

uals in the

class

16

26

15

25
20

25

o

I

o

I

I

1.45

2.35

i-35

2.2b

1.81

2.26

o

0.09

0.09

0.09

Percentage of in

dividuals in this

or a higher class

II.78

7-97
6.61

4.35

2.53

0.27

0.27

0.27

0.18

0.18

0.18

0.18

0.18

0.18

0.09

0.09

From the above tabulation and frequency curve the following facts

are secured. The class having 21 ray flowers includes over 31 per cent,

of all the individuals. Slightly over 10 per cent, of all the individuals

14:474- 1901.

poss Science

3 Davenport, C. B., Zoology of the twentieth century. Science 14:319- 1901
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are segregated in classes 30 to 34 inclusive, while only 3 individuals

were found having more than 34 ray flowers.

The curve shows a positive skewness of 1.1, but at present it can-

not be stated whether this skewness is toward or away from the ances-

tral condition of the species. Seeds collected from heads having given

numbers of ray flowers have been secured for breeding purposes and

the study of the plants thus secured may enable us to properly inter-

pret the skewness here observed.—E. Mead Wilcox, Alabama Poly-

technic Institute 1 Auburn,



CURRENT LITERATURE.
BOOK REVIEWS.

Plant pathology from a new standpoint.

A recent work by Professor H. Marshall Ward 1 places the subject of

plant diseases in a new light that must prove very helpful and suggestive to

students, as well as to cultivators who are able to read the work understand-

ing^. If everyone interested in the cultivation of plants were fairly well

informed regarding vegetable physiology and pathology, the work could be

said to be a popular treatise, for it is written from the standpoint of the

plant and the plant grower, and not, as is usual, from that of the fungus or

other disease agent and the mycologist. Moreover, technical terms are

employed only where English equivalents are not available, or where

obscurity and prolixity are to be avoided.

The work is not a manual of vegetable therapeutics, as may be judged

from the fact that only ten pages are devoted to remedies ; and it is not a

mycological treatise, as it does not describe fungi, but when mentioning them

assumes that the reader already knows them. However, it treats of the gen-

eral nature of disease in plants in a broad and philosophical way. To give

a deeper and truer insight into the subject, an introductory part of eighty-five

pages reviews the fundamental features of normal physiology and power of

adaptation, based upon the very latest researches. It is excellent reading.

In this part strong blows are dealt against the persistent ignorance and mis-

conception that falsely exalt chemistry to the first place among the sciences

which aid the cultivator, that misconstrue the nature of plant food, that con-

sider the soil an inert substance, and that fix the attention of the cultivator

upon the weather and the environment, rather than upon the plant itself. In

America these and kindred errors are rapidly being corrected through the

influence of the Experiment Stations and Agricultural Colleges, and we have

already discarded the use of some terms based upon these errors, notably the

misleading word "carbon-assimilation," which the author apparently feels

it his duty to cling to for the present.

The body of the book deals with such topics as health and disease, life and

death, causes, nature, and symptoms of disease, the factors of an epidemic,

relation of variation to disease, grafts, wounds, excrescences, exudations,

and monstrosities. These and similar topics are treated with a directness

1 Ward, H. Marshall, Disease in plants. i2mo, pp. xiv+ 309. London :
The

Macmilian Company, 1 90 1.

466 [JUN
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and depth that can be very imperfectly suggested in a brief review. No
class of readers will get so much profit and satisfaction from the work as

those who desire to know the latest word that science has to offer in explana-

tion of the causes and principles underlying the phenomena of plant activity

in both health and disease, and who desire the information presented in a

luminous, concise manner, and so far as possible, in untechnical language.

When the point of view of the author becomes the prevalent point of

view both of the public and the investigator, great advantage will accrue to

all who deal with plants, and this work should be an important factor in

hastening the time.—J. C. Arthur.

The Cyclopedia of American horticulture.

The fourth and last volume of Bailey's Cyclopedia of American horticul-

ture has just appeared." The scope and quality of this great work have been

spoken of in reviews of the preceding volumes. 3 The editor hopes that this

Cyclopedia will never be revised, "for it is the purpose of the book to make
a record of North American horticulture as it exists at the opening of the

twentieth century." It is expected that subsequent progress will be recorded

<n a series of supplements with cumulative indexes, the manuscript for

the first two of which is already prepared. Numerous important genera are

presented in the usual way, notable among which are Rosa, Rubus, Salix,

Saxifraga, Sedum, Selaginella, Spiraea, Tulipa, Vitis. These and other

genera are all treated in the usual way, the synoptical keys of the cultural

species being followed by descriptions of treatment, regions of cultivation, etc.

The treatment of roses is especially noteworthy, the editor venturing the

°pinion that this subject will probably be consulted oftener than any other in

the Cyclopedia. In order to make it worthy of such a place the treatment is

Particularly full. After the usual scientific synopsis, including fifty species,

the horticultural classification is presented, followed by a discussion of the

treatment of roses, their adaptation to different regions and all other points

of view that might be of interest to those cultivating roses. Perhaps the

m°st notable articles dealing with fruits are those upon the strawberry and

tomato.

^side from such papers there are noteworthy articles upon Railroad

gardening, Rock gardens, Seedage, Spraying, and Storage. By the name Seed-

a& the editor refers to the propagation of plants by seeds and spores, and

«ter the general treatment there is a section upon Seed breeding by W. W.

"*?, and one upon Seed testing by G. H. Hicks. Under the general title

'Bailey, L. H., Cyclopedia of American horticulture, etc. Vol. IV. R-Z. 4to,

X
***+ 1487-2016, figs. 2060-2800, pis. 32-50- New York: The Macmillan

00lPany. 1002 . 55.

Tr

3 B°r. Gaz. ag : 282
; 30 : 277 ; 31 : 436.
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Storage\ presented by the editor, there is an account of Cold storage by L.

C. Corbet, and of Refrigerator cars by J. H. Hale.

Aside from the taxonomic presentation of many genera, perhaps the most

interesting articles to botanists are Teratology, presented by C. R. Barnes;

Trees f
presented in all their aspects by various writers ; and Winter protection,

described and illustrated by W. C. Egan and B. M. Watson.

Professor Bailey is to be congratulated upon the completion of this work,

especially upon the peculiar features it possesses in comparison with the

ordinary cyclopedias dealing with horticultural material. Its chief features,

as they stand out in the mind of the editor, are that it represents a living

horticulture, rather than a compilation of odds and ends selected from other

encyclopedias; that it contains synoptical keys that enable the reader to

name the species ; that the leading articles are signed and represent the con-

tributions of more than 450 persons; and that throughout the whole pre-

sentation one detects no rigid conception of plant, forms, but feels the drift

of an evolutionary motive. That such a work should have been begun, so

far as actual writing is concerned, in January 1899, and the last proof read

December 31, 1 901, speaks well for the organizing power and the capacity

for work of its editor and his staff. The statistics show that the total number

of entries is 4357; the number of genera described is 2255 ; the number of

species fully described is 8793, of which 2419 are native to North America

north of Mexico.—J. M. C.

Physiology in the laboratory.

To study the plant in action is to become acquainted with the most

interesting phase of the science of botany. It is a part of the subject that

appeals especially to the young student. But to make intelligent progress,

to look into the more recondite processes without elaborate apparatus, and

to proceed without undue loss of time and check to enthusiasm requires a

good guidebook. Even under an excellent instructor a handbook is advan-

tageous. A work that meets the requirements for a laboratory manual of

physiology for the beginner has recently been issued from the press of Long-

mans, Green & Co., prepared by Dr. Daniel T. MacDougal,4 director of the

laboratories of the New York Botanical Garden.

The work is perspicuous, concise, up to date, and requires only simple

apparatus, easily obtained by most colleges and high schools, and in part no

apparatus at all. The whole ground of physiology is covered : growth and

growth movements, reproduction and germination, movements of gases and

liquids, nutrition of green plants, parasites and saprophytes, respiration,

digestion, stimulation, and correlation.

The text is more than a set of directions for performing experiments, for

MacDougal, Daniel Trembly, Elementary plant physiology. New York:

Longmans, Green & Co. 1902. iamo, pp, xt-f 138, with 108 text cuts.
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it gives a readable account of many topics, and incidentally furnishes much

information upon the general subject of physiology. The cuts are especially

serviceable in showing how the student is to proceed. In short, the work

comes as near as possible to the perfect manual, which tells enough to be

helpful and attractive, and yet leaves the student to ascertain the actual facts

for the most part by his own observations upon the living plant or in intro-

ductory demonstrations.

The work is all the more satisfactory for being the outgrowth of two pre-

liminary works, the first published in 1894 and the second in 1895, both now

out of print.— J. C. Arthur.

MINOR NOTICES.

The second fascicle of Ohio fungi, distributed by Professor W. A.

Kellerman, of Columbus, O., has been issued, and is larger than the preceding

one. It contains twenty-six numbers, of which seven belong to the genus

Puccinia, five to Uromvces, three to Ustilago, two each to Gymnoconia and

Gymnosporangium, and one each to Aecidium, Gloeosporium, Melampsora,

Piggotia, Polystictus, Stereum, and Urocystis. The excellent preparat.on

and fullness of material is maintained. The first fascicle was described m the

March number of this journal (p. 239). Although these fascicles are intended

for distribution to working mycologists, the author has consented to sell a

very limited number at one dollar each.— J. C. Arthur.

. The second edition * of Frost's Laboratory guide in elementary bacteri-

*% (8vo) is much more convenient in form than the first (4to) edition. It

combines the features of a laboratorv outline and of a notebook, blank pages

and diagrams being inserted for records of the student's observations The

author recognizes the desirability of uniformity in cultural methods, and gives

» a I iition to the ordinary laboratorv methods of preparation of culture media

^ose recommended by the committee on methods of the American Public

Health Association. Part I is devoted to general bacteriology, with mtro-

ktttory chapters on morphology, physiology, and taxonomy. In the la r

* number of valuable descriptive adjectives, similar to those suggested
.

^ster, are introduced. Part II deals with medical bacteriology, with

appended chapters on animal inoculation and the examination of PathoIO&
,c

*«*• and fluids. In connection with each exercise are references tor t

sclent, both to the principal texts and to original articles on the subject

u"der consideration. The guide is admirably planned and will form a wei

C0Rie aid in the teaching of bacteriology.—E. E. Irons.

5 ^ost, William Dodge, A laboratory guide in elemenf^t^L^

'

°"* **ed edition, pp. x+ 355- Madison, Wis.: Published by the author. 1902.

<5

See review in Bot. Gaz. 31 : 439- 1901.
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Dr. Hollrung 7 has just published his third annual report on plant path-

ology. This report does not differ in its essential features from the two that

have preceded it. The work covers the ground that has been done along the

various lines of plant pathology in different countries during the year 1900,

and is divided into a general and a special part. The general part brings

together (1) the progress made in the organization of plant protection, (2) the

laws and ordinances relating to the protection of plants, and (3) the relation

of plant diseases to the weather, methods of the dissemination of diseases, the

influence of diseased plants upon man and other animals, etc. The special

part of the report embraces the work done in 1900 in determining the causes

of plant diseases and the means of combating them. The causes of plant

diseases are considered, first from the standpoint of injuries from various

sources without reference to the host plant, and second the causes of injury

to different host plants. Under the former subdivision mention is made of

destructive animals, such as field mice and marmots, and the means employed

in destroying them ; of injurious insects, their development and their control

;

and of weeds and the means used for their destruction. Under the second

subdivision the host plants considered are grains, fodder, sugar beets, white

potatoes, sweet potatoes, pod fruits, truck crops, garden products, seed and

stone fruits, berries, grapes, timber, tropical plants, and ornamentals. The
natural methods of combating plant diseases embrace the work done on

birds, insects, fungi, and bacteria injurious to plants ; while the artificial

methods cover the advances made in the construction of spraying machines,

as well as in the preparation of insecticides and fungicides, including pow-

ders, liquids, and gases. The report covers about 176 pages, the major por-

tion being devoted to the special part. This is followed by about 90 pages

of references to bulletins and papers, subdivided in accordance with the gen-

eral plan of the work and arranged alphabetically with respect to the names
of the authors mentioned under each subdivision. The work closes with a

complete index, giving the names of the authors, host plants, insects, fungi,

etc, thus making a very satisfactory work of reference. Dr. Hollrung seems

to have been very desirous of citing everything published along all lines

treated in this report, and considering the great diversity of subjects, together

with the wide geographical area covered, it is surprising, and at the same

time a matter for congratulation, that the work has been so carefully and so

thoroughly performed in every way. In bringing out this report in such a

satisfactory manner, Dr. Hollrung has rendered valuable service to all work-

ers along the various lines of plant diseases, and it is to be hoped that he will

receive sufficient encouragement to enable him to continue the good work.

7 Hollrung, Dr. M., Jahresberichte ueber die Neuerungen und Leistungen auf

dem Gebiete des Pflanzenschutzes. Das Jahr 1900. Pp. viii -f 291. Berlin: Paul

Parey. 1902. A! 10.
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He closes his preface to this third report with an earnest request that all par-

ties actively engaged in any work relating to plant pathology would forward

him separates of their published articles.— C. O. TOWMSEND.

NOTES FOR STUDENTS.
Protoplasmic connections in a large number of plants belonging to

all groups from algae to flowering plants have been studied recently by

Keinitz-Gerloff.8 Previous investigations have already made it seem proba-

ble that protoplasmic connections are universally present in the spermato-

phytes ; the present work shows that the connections are as uniformly present

in the lower groups, the filamentous algae perhaps being an exception. In

such algae, however, each cell is so independent in nutrition and reproduction

that the absence of connections need not occasion surprise. The suggestion

is made that the connections may not be derived wholly from the Hautschicht,

but that they may have a core of trophoplasm surrounded by Hautschicht.

The theory that the connections conduct stimuli and materials is supported,

but the reviewer believes that the whole subject needs further investigation,

Charles
J. Chamkerlain.

The physiology of adjustment to poisons dissolved in the medium has

been made the subject of a contribution by Pulst. 9 He worked with the

Mucor, Aspergillus, Botrytis, and Penicillium. The effect of a number of

kations was determined, among them Cu, Zn, Hg, Ni, Co, Cd, Pb, etc. The

anion SO, was usually used, but some others {e.g., C 4 H 4 6 ,
CN, N0 3 ,

CI,

etc) also appear in the tables. Penicillium withstands a much higher con-

centration of these substances than do the other three moulds. The effect of

a salt upon the plant appears to depend in great measure upon the electrical

charge of the Ration, also in part upon the action of undissociated molecules.

A* was known before, a gradual increase in concentration brings about an

accommodation to much stronger solutions than could be withstood if the

change were made suddenly. Copper ions appear to be unable to penetrate

the protoplast of Penicillium, though the other protoplasts studied are readily

permeable to them.—B. E. Livingston.

According to Shibata," the fertilization of the egg and polar nuclei of

Xonotropa uniflora is practically the same as has been observed in all the forms

111 which double fertil.zation is known. The sperms are elongated when they

e«er the embryo sic, and become more nearly spherical as fusion progresses.

8
Neue Studien uber Plasmodesmen. Ber. Deutsch. Bot. Gesell. 20 : 93""7- /*• 4-

1902.

9 Pulst, C, Die Widerstandsfahigkeit einiger Schimmelpilze gegen Metallgifte.

iahrb. Wiss . Bot. 37: 205-263. 1 902.
"

"Shibata, K., Die Doppelbefruchtung bei Monotropa uniflora L. Flora 90: 61-

66. i9Q2 _
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The second male cell comes in contact with the upper polar nucleus, while

the lower polar nucleus comes in contact with the male cell and upper polar

nucleus and the three fuse simultaneously. The endosperm nucleus divides

before the oospore shows signs of division. Only in Naias, as reported by
Guignard, does the oospore divide first, but even here, when division of the

endosperm begins, it proceeds with much greater rapidity than in the embryo.
The two deeply staining bodies reported by the reviewer in the end of the

pollen tubes of Silphium and Erigeron were observed and figured in Mono-
tropa, but their origin was not determined. The article is illustrated with

ten excellent figures. — W. J. G. Land.

Haupt " adds somewhat to our knowledge of gland action by a recent

paper from the Leipzig laboratory. Working with extrafloral nectaries, he
finds that the secretion of sugar begins at a certain age of the nectary and
with relatively high atmospheric humidity, i. <?., with checked transpiration.

After it is started, a rise in humidity increases the amount of water excretion,

but that of sugar remains constant. Usually when secretion is stopped, the

already secreted sugar fails to be resorbed, but in some cases resorption

occurs. In Vicia and certain Euphorbiaceae the red and yellow rays of the

sun's spectrum are necessary for the secretion of sugar, and the secretion is

resorbed in darkness, or in blue and violet light. Plants deprived of C0 2 exhibit

the light reaction even after many days; thus the response is not connected
with the photosynthetic process. There exists in all plants experimented
upon a minimum temperature for the beginning of secretion, but after the
process has begun it goes on slowly even somewhat below this minimum
B. E. Livingston.

The embryology of the Araliaceae has just been described at some
length by Bucamp" He finds, as a rule, only one archesporial cell in the
nucellus of the ovule. This cell gives rise to a tapetal celt and the megaspore
mother cell. The mother cell may develop directly into the embryo sac, or
may first give rise to an axial row of three or four megaspores, the lowest of
which usually germinates, although one of the middle cells occasionally
develops at the expense of those above and below. In Fatsia Japonica a

figured

anoth
both A case in which two mother
cells in a single nucellus had divided in this manner gives the nucellus a very
sporangium-like character, and in the opinion of the writer strengthens the

IX Haupt, Hugo, Zur Secretionsmechanik der extrafloralen Nektarien. Flora go:
1-41. 1902.

"Ducamp, L., Recherches sur I'embryogeme des Araliacees. Ann. Sci. Nat. Bot.
VIM. 15: 311-402. pls,6-t3 . 1902.
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theory that the nucellus is the homologue of the sporangium of the crypto-

gams. The statement is made that the division of the nucellus of the mother

cell sometimes takes place without the formation of cell walls, but the figures

are very small and may bear another interpretation. Double fertilization

was looked for, but nothing definite was found. The development of the

embryo and the appearance of tissue systems are described in detail.

—

Charles J. Chamberlain.

Items of taxonomic interest are as follows: C. V. Piper (Bull.

Torr. Bot. Club 29 : 221-226. 1902), in his sixth paper entitled " New and

noteworthy northwestern plants," describes new species of Antennaria (2),

Madia, Synthyris, Astragalus, and Philadelphus.—J. C. Arthur {idem 227-

231), in his second paper entitled " New species of Uredineae," describes

new species of Uromyces (2), Puccinia (4), and Uredo (2).— P. A. Rydberg

idem 232-246), in his eighth paper entitled " Studies on the Rocky mountain

flora," describes new species of Stanleya (2), Thelypodium (2), Lepidium (2),

Roripa (3), Lesquerella, Physaria, Cardamine, Sophia (2), Draba (7), Ger-

anium (2), Oxalis, and Lupinus (4).—Alice Eastwood (Proc. Calif. Acad.

Sci. III. Bot. 2 : 241-252. pis. 23-24. 1902) has published nine new species

of Ribes from the Pacific coast, and also a key to the 57 species of that

region.— C. D. Beadle (Biltmore Bot. Studies 1
:
5I-I37- i<?o2 )

has Po-

lished 104 new species of Crataegus from the southeastern states.— F. E.

Boynton {idem 138-142) has published new southern species of Amorpha (2)

and Coreopsis (2).—T. G. Harbison {idem 158) has published a new Tril-

lium from Alabama.— C. D. Beadle {idem 159-163) has published new

southern species of Philadelphus (3) and Prunus (2).

Soc. Xat. d'Acclim. de France, May 1902), in his second paper entitled

"Etudes sur les Opuntia," has discussed O. leucotricha, the "durazn.llo" of

the Mexicans, and also the six other species of the section Crimfera, one

of them (a Gosseliniana) being new.— E. L. Greene (Ottawa Nat. 16 : 35-

39- 1902) has described new northwestern species of Actaea (3),
Delphinium,

Cerastium
(3), Carduus, Erigeron (2), Pentstemon, and Lappula.—J. M. C.

Professor F. O. Bovver 1' has called attention to the imperfect sporan-

gia of pteridophvtes, notably those at the base and apex of the strobih of

^opods, in which group 94 species were examined. In certain forms there

is no line of demarcation between the strobilus and the vegetative part of the

Plant, any leaf being a potential sporophyll. The other extreme is to be

found where the strobilus is made up of sporophylls whose form and arrange-

^t differ from the foliage leaves. All degrees of transitional stages exist.

In all species quite constantly abortive or imperfect sporangia were found at

the base, apex, or in sterile zones of the strobilus. The author discusses these

Weber

Imperfect sporangia in certain pteridophvtes. Are they vestigial ? Annals ol

Bota -15: 225-267. 1901.
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incompletely developed sporangia "in order that these facts may have their

true weight in the general discussion of vegetative and fertile regions of the

primitive leafy sporophyte." It is possible to look upon an imperfectly

developed part as either upon the up-grade (nascent) or on the down-grade

(evanescent) of development. These terms "nascent" and "evanescent'

may be applied to either the ontogeny or the phylogeny. As an advocate of

the antithetic theory of alternation of generations, Professor Bower does not

accept the recapitulation theory. Hence the question of priority in the his-

tory of descent cannot be settled summarily by the sequence in the ontogeny.

Neither an infinite number of transitional forms, nor experimentally the con-

version of a sporophyll into a foliage leaf proves anything more than an inti-

mate relationship between the two. It in no way settles phylogenetic priority.

A clue, the writer urges, may be obtained from the bryophytes. A com-

parison of the most primitive sporangium (Riccia) with more complex types

indicates the intercalation of a seta before the spores are formed, and leads

one to conclude that the seta does not precede spore development phyloge-

netically, but that in more complex capsules the spore development is

retarded by an intercalated stage; in short, progressive sterilization and

intercalation of vegetative parts takes place to provide for the growing

demand for nutrition. In the genus Lycopodium a comparison of closely

related forms and a study of the individual part has led the author to believe

that the history of development is analagous to that of the bryophytes. By
progressive sterilization the basal sporangia have become functionless and ves-

tigial. The incomplete sporangia at the apex of the cone he regards as

supernumerary, not in the same category with those at the base. Selaginella,

Isoetes, and Equisetum are also discussed from the same standpoint. The
author concludes that although abortive parts are less common m plants than

in animals, and have played a less important role in theories of plant mor-

phology than in zoology, they should not be left out of account altogether

Florence M. Lyon.

F. E. Lloyd has filled an important gap in our knowledge of the essen-

tial morphology of angiosperms by his studies on the Rubiaceae. The first

part, dealing chiefly with Vaillantia hispida, was issued August 26, 1899, and
1 _*_*-.

was

other forms, so that the conclusions are derived from a study of twenty- three

species representing nine genera of Rubiaceae. In all forms, excepting spe-

cies of Houstonia, the nucellus is very much reduced, not being distinguisha-

ble except at early stages, when it is a cap-like layer of cells covering the

archesporium. As usual among the Sympetalae, the very small nucellus is

M BOX. GAZ. 29 : 292. IQOO.

15 Lloyd. Francis E.
f The comparative embryology of the Rubiaceae. Mem.

Torr. Bot. Club 8 : 27-112. pis. 8-15. 1902.
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associated with a massive integument. In Houstonia the ovules have no

integument, the archesporium becoming deeply imbedded by growth of the

nucellar tissue. In the Spermacoceae an outgrowth derived from the funi-

culus is described as a " strophiole," and contains the vascular supply of

the ovule. Throughout all the forms the archesporium contains seven to

fifteen cells, the larger numbers occurring among the Galieae. Each spore

mother cell forms the usual tetrad of four megaspores in linear series, but

rarely are there any walls. In some cases two or more megaspores begin to

function, sometimes in the same tetrad; ordinarily, however, the innermost

megaspore of a central tetrad finally becomes the single embryo sac. The

behavior of the embryo sac among the Galieae and in Diodia is quite remark-

able, since it breaks through the nucellar cap and passes into the micropyle.

The antipodals give evidence of more or less activity, among some of the

forms one enlarging decidedly ; among others division occurring so that there

are four to ten antipodals ; while in other forms they are ephemeral. Among
the Galieae there is a remarkable suspensor, the cells elongating laterally or

lateral branches arising and penetrating among the endosperm cells. It is

another very interesting illustration of the various forms of haustorial devel-

opment in connection with the embryo.

In the first division of the mother cell the spindle is multipolar in origin,

and no centrosomes are to be found. In Crucianella and Asperula, whose

cytological features were carefully studied, the reduced number of chromo-

somes is ten and twelve respectively; but after counting a large number of

cases the writer believes that the number is not constant. In Asperula, in a

late anaphase of the first division, the second longitudinal splitting of the

chromosomes is already quite evident. In Crucianella this splitting takes

Pkce in the telophase. After the first division the daughter nuclei pass into

a somewhat incomplete resting stage, no nucleolus being formed, and the

^clear membrane being quite indistinct. This division is heterotypic, but

Ae second division, and also the divisions that occur during the germination

of the megaspore, are homotvpic. Judged from a cytological standpoint, the

^visions which give rise to the row of four cells are true tetrad divisions, and

lfae four cells are spores.

The memoir closes with a description of the behavior of the pollen tube

m Kodia and Richardsonia, special stress being laid upon the determination

of the course of the pollen tube.— J. M. C
Professor Goebel has certainly earned the thanks of all students of

button, and specifically of hybrids and plant-breeding, by reprinting the

re*arkable paper of Gregor Mendel on " Vcrsuche liber Pflanzen-hybriden.*

ft /

l6
Hora8g: 364-403. IfM. In a note of historical interest, Dr Goebel states

"J** Paper presented in 1865 and published in 1866 was long ^J^*~l
J* DeVnes,Correns, and others made the re-discovery and pointed outi s great

Z ? is now ev™ ™re acct able, having found a place in OstwaId s *»»
^xakten W^enSchaften" « '• 1«, published by Wilhelm Engelmann. 1901.
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Artificial pollination to produce variations in color and the striking regulari-

ties that appeared in hybrid forms from the same crosses were the special

features of Mendel's work, which had for its object a study of the develop-

ment of hybrids in their offspring. Mendel is not surprised at the new

discovery of a generally valid law for the formation and development of

hybrids, considering the great difficulties involved. No previous work, as he

points out, was carried on in such a manner as to allow of the determination

of the number of the different forms in which the offspring of hybrids appear,

and to show that these forms can be classified with certainty in the several

generations and the mutual numerical conditions determined ; although such

comprehensive study is the only way finally to solve a question which, in the

evolution of organic forms, is of no mean importance.

The reasons for selecting the genus Pisum are given, and from thirty-

four varieties of peas twenty-two were selected for the experiments, after a

two-year test had shown them to be constant in their offspring. To study the

changes in the inheritance of different characteristics, and to determine the-

law according to which these differences appear in the succeeding gener-

ations, were the objects of the experiment, and the latter object would

constantly divide itself into as many experiments as there were constant

different characteristics in the plants selected. Of such characteristics there

were studied: the differences in the shape of the ripe seed; differences in

the color of the endosperm, and in the color of the seed coats; differences in

the form of the ripe pods and the color of the unripe pods ; differences in the

position of the flowers ; and finally differences in the length of the axes.

Earlier experiments had shown that hybrids 17 were not, as a rule, exact

averages of the parents. Often certain prominent characteristics appeared to

such an extent that another characteristic would be rare or even absent. This

was the case with the Pisum species. Mendel classifies such characteristics

as dominating and recessive (" dominirende und recessive "). All experiments

showed that it was immaterial whether the dominating characteristic was in

the seed parent or in the pollen parent. Of the differing characteristics, the

following were dominant : (i) the round or roundish seed with or without

shallow depressions; (2) the yellow color of the endosperm ; (3) the gray,

gray-brown, or leather-brown color of the seed-coat, in combination with a

violet reddish flower and reddish spots in the leaf axils
; (4) the simple

domed form of the pod; (5) the green color of the unripe pods in combina-

tion with the green color of the stems, the ribs of the leaves, and the calyx ;

(6) the distribution of flowers ;along the stems; (7) the length of the longer

axis.

The first generation of hybrids, in addition to the dominating character-

istics, showed also the recessive characteristics in their peculiarities, and in

** Hybrids (Ilybriden) is used in the paper in the sense of **cro^.*'
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the decisively apparent average of 3:1, u e. of four plants of this first gener-

ation three had the dominating and one the recessive character. This was

true without exception for all characters which were considered. Interme-

diate forms were not noticed in any of the experiments. As an example may

be mentioned that in the first experiment, from 253 hybrids 7324 seeds were

had in the second year. Of these, 5474 were round or roundish, and 1850

were angular and wrinkled, resulting in a ratio of 2.96:1. In the second

experiment, 258 plants gave 8023 seeds, of which 6022 were yellow, and 2001

green, giving a ratio of 3.01:1. The other ratios were for (3) 3- I 5 :I > (4)

2.95:1, (5) 2.82:1, (6) 3.14:1, (7) 2.84:1. For the whole series the ratio was

2.98:1, or practically 3:1.

The second generation showed that these forms, which in the first gener-

ation had exhibited the recessive character, did not vary in this character.

They remained constant or fixed. Of those with the dominant characteristic

ithe first generation, two parts gave offspring which in the ratio of 3:1 carry

the dominant and recessive characteristics, i. e. the same relation as the

hybrid forms ; and only one part remained constant with the dominant char-

acteristics. In the first Mneriment of this series. <;6' plants

with and were there-

fore constant in this characteristic,— 372 gave round and angular seeds in

the ratio of 3:1. The number of hybrids was therefore to the number of con-

stants as 1.93:1. In the second experiment the relations were 3:1 and 2.13:1.

h the succeeding experiments the number of plants was reduced, but the

ratios as a whole remained constant, although showing greater variations.

The ratio 3:1 in the first generation becomes for all the experiments

2:1 :i, distinguishing the dominating characteristic both as an original and a

h)'brid character. As the members of the first generation come directly from

the seed of the hybrids, it is now seen that the hybrids of each two differing

characteristics gave seed of which one-half again developed the hybrid char-

ter, while the other gave plants which remained constant and exhibited m
equal parts the dominating and recessive character.

Tbe first and second experiments carried through six generations, the

th>rd and seventh through five, and the fourth, fifth, and sixth, through four

derations, show the ratio of 2:1 :i, although beginning with the third gener-

atl°n only a small number of plants was used. If. then, A represent one

|*o constant characteristics, e.g. the dominating one, the recessive designated

b>'«- and Aa the hybrid form in which both characteristics are united, there

re*lts the expression A+*Aa+a for the developmental series of the offspr.ng

0f h>brid s with two differing characteristics. The tendency of hybrids to

rev«nto the parental type is explained by this expression. In the case

"«»u three differing characteristics.it was touna uu» «* -v-t

f*«
to such parents as had the greater number of dominating charactt

-

'sties.

seed
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round seed by A, the angular seed by a y
the yellow endosperm by B, and the

green endosperm by b, then the relations as found by experiment were

expressed by the term AB-\-Ab-\-aB-\-ab -+- 2ABb-\- 2<xBb-\- 2AaB+ 2Aa&
^rjAaBb, or a combination of A -\-2Aa-\-a and B -\- 2Bb + b. For three

differing characteristics the combination was A -f- 2Aa-\-a t i?-f 2B6 -\-b t

C+2CC+C.
With some further experiments, Mendel then concludes that the offspring

of hybrids, in which several essentially different characteristics are united,

the members of a series of combinations in which each two differing char-

acteristics are combined in a developmental series. This at the same time

proves that the behavior of two differing characteristics in hybrid combination

is independent of other variations in the two parents. Developing his mathe-

matics still further, he shows that if n designate the number of characteristic

differences in the two parent plants, then 3
n

is the number of the terms in the

combination, 4
n the number of the individuals, and 2n the number of the com-

binations that remain constant. The foregoing results led to attempts at

experimental proof of the theory that the ovary of the hybrid contains as

many germ cells and the anthers as many pollen cells as constant forms of

combination are possible. This was shown for peas, as indicated in the

results.

Experiments with Phaseolus vulgaris and P. nanus gave results corre-

sponding to those already mentioned, but only partially corroborative results

were had with Phaseolus nanus as seed parent and P. multiflorus as pollen

parent. In this latter experiment the changing color caused some interesting

observations and speculations on the theory of this change in accordance with

the results developed in other experiments.

The concluding pages deal with the work of Kolreuter and Gartner,

especially along the lines of Mendel's experiments, and finally with a discus-

sion of the changing of one variety into another by means of artificial

pollination.—G. N. Lauman.



NEWS.
Thomas Comber, the well-known English botanist, died at Blackpool,

January 24.

Dr. B. M. Duggar, of the Bureau of Plant Industry, has been elected

Professor of Botany at the University of Missouri.

Dr. A. Jakowatz has been appointed Assistant at the Botanical

Museum and Garden of the University of Vienna.

The Advisers in Botany for the Carnegie Institution are F. V. Coville,

N. L. Britton, Gifford Pinchot, and J. M. Macfarlane.

According to Science, 83,000 acres of forest land have been purchased

by the State Forestry Commission in central Pennsylvania.

The degree of LL.D. has been conferred upon B. T. Galloway, Direc-

tor of the Bureau of Plant Industry, by the University of Missouri.

A new edition of Oliver's translation of Kerner's Pflanzenleben is

announced by Blackie & Son, London, at a considerably reduced price.

A biographical sketch of Lewis D. von Schweinitz, with a portrait,

written by C. L. Shear, is published in the March number of Plant World.

Dr. Oliver R. Willis, the editor and reviser of Alphonso Wood's

botanical texts, died April 27, at White Plains, N. Y., at the age of 87 years.

Ernst A. Bessey, of the Bureau of Plant Industry, will sail early in

July to secure seeds of forage plants and cereals in Russia, the Caucasus,

and Turkestan.

A biographical sketch of the late Alfred W. Bennett, written by J.

G
- Baker, and accompanied by a portrait, is published in the April number

of Jour. Roy. After. Soc.

Professor A. Zimmermann, until recently at Buitenzorg, has been

appointed botanist at the biological station at Amani, Post station Tanga,

^utch East Africa. He was to reach his station about the middle of April.

In Maipighia (15: 297-324. 1902) there are published the memorial

addresses delivered January 5 last in connection with the establishment of the

bust of Giuseppe Gibelli, formerly of the Botanical Institute of Torino. The

cbief speaker was Professor R. Pirotta, of the Royal Botanical Institute of

Home.

The Botanical Society of America will hold its eighth annual meet-

m8 at Pittsburg, Pa., June 30 to July

^'tflUr. The hncin#*cc cpcctAn? will hi
and

l 902j 479
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program of scientific papers will be given in Phipps' Botanical Hall, begin-

ning at II A. M., July i.

The increasing opportunities for the investigator at the Royal

Botanic Garden, Peradeniya, Ceylon, become apparent in the recent annual

report of Director J. C. Willis. During 1901, in addition to visits for admin-

istrative purposes, W. H. Lang and A. G. Tansley secured important results

and material at the garden.

The bill authorizing the establishment of a biological station on the

Great Lakes by the Commissioner of Fish and Fisheries has passed the

Senate. The selection of a suitable site involves an investigation of the

claims of eight states, and for this purpose, as well as to secure the necessary

land and water rights, an appropriation of Si 0,000 has been made.

G. S. Jenman, Government Botanist of British Guiana, died at George-

town February 28. His previous position (1873-1879) was superintendent

of the botanical garden at Castleton, Jamaica. He was especially familiar

with the ferns of British tropical America, and at the time of his death was

publishing a conspectus of them in parts, five of which had appeared.

During the year iqoi accessions to the herbaria of the New York

Botanical Garden amounted to 55,747 sheets, representing 77,657 specimens.

In the various plantations and conservatories the number of species in culti-

vation was as follows : public conservatories 3344, herbaceous grounds 3012,

fructicetum 512, arboretum 169, pinetum r6, saiicetum 43, viticetum 65.

Dr. B. E. Livingston and Mr. H. N. Whitford, Assistants in Botany,

and Mr. C. D. Howe, Fellow in Botany, of the University of Chicago, have
been appointed collaborators in the Bureau of Forestry, Department of

Agriculture, for the year beginning July 1, 1902. Dr. Livingston will work
on some forest problems in the northern part of the southern peninsula of

Michigan! Mr. WhitfnrH will rnnhnno e^™^ \ n * r^~*\„^*\^m, nl^^,. Komin in

~~ w -~v^«y MiwuHiamo UU tut 11U1U1WC3LCI11 pail Ul J.YjLVfiiu«*A*«- ,

and Mr. Howe will do similar work in the vicinity of Burlington, Vermont.

The third report (1901) of the Michigan Academy of Science con-

tains the following botanical papers : Transition from stem to root in Echino-
cystis lobata, by J. B. Pollock; Ecological study of a glacial lake near Ann
Arbor (abstract), by H. S. Reed

; A disease of the white birch, by John
Larsen; Interfoliar scales of monocotyledonous aquatics (abstract), by
Minna C. Denton; Notes on the flora of Eaton co., by H. L. Clark;

and

(abstract), by W
w — — v T m

on Michigan saprophytic fungi. New species of Michigan fungi, and A
scierotium disease of the huckleberry, by B. O. Longyear ; Causes inducing
asparagus to take its form of growth, by L. Lenoke Conover.
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The most important classified entries will be found under Contributors, Personals,

and Reviews. New names and names of new genera, species, and varieties, are

printed in bold-face type ; synonyms in italics.

A
A. A. A. S., Pittsburg meeting 320
Absorption of water and solutes 392
Acer 386; dasycarpum 377
Achillea millefolium 294
Aconitum 392; delphinifolium 140
Actaea 473
Adamovic, Lujo, personal 87
Alaska, plants of Nome City 126, 199, 284
Albescence, Laurent on 77; of leaves 76
Allen, C. E., personal 87
Allium cepa 80
Alopecurus alpinus 130
Alsine,longifolia 69; Iongipes6g; validus
69

Argemone 392
Aristolochia arborea 256; maxima 256;

pilosaligulifera 256; securidata 256

Vrker, work of 75
Armeria vulgaris 213

Arnica 316; obtusifolia 295

Arnoldi, work of 98, 168

Vrpdd, Degen, personal 248

Artemisia, borealis 299; Norvegica Paci-

fica 296; Tilesii 296

Arthrotaxis, morphology of 168

Arthur, J. C, 62, 239, 4&6, 468, 469; Per
"

sonal 479; work of 241, 473

\sclepias, pollen mother cell 390

Ashe, W. W. 230

Alternaria, citri 2^4; tenuis 235
Ames, Mrs. M. L. P., death of 319
Amorpha 473
Amsinckia tesselata, seedling of 152
Amvgdalin. effect on Botrvtis 430
Andrews, D. A., work of 73
Andrews, \\ \L, persona! 319
Andromeda, polifolia 209; Utragona 209
Androsace, Chamaejasme 211; septen- Atolis, origin of 446

trlonali 299
Anemone 392; narci irlora uniflora 141;

parviflora 141; Kichardsoni 142
Annals of Botany, index 174
Annals t the Royal Botanic Gardens,
^eradeniva 173

Antennaria 473;* alpina 295; serotinum

Anthocyan and synthesis 82
A^irrhinum, and copper compounds 31
Aquilegia 392
Araiiaceae, Ducamp on embryology of 47*
Araucaria excelsa 159
Arhacia pustulosa, fertile ation of 166
An>utus^,m 2o9
Arcterica 78
Arctogrostis latifolia l}0
Arct

Aspergillus, and copper solutions 39, 74;

flavus and copper compounds 31; niger,

Korinski on respiration of 241, osmotic

pressure of 166

Vster 316; arcticus 295; prereginus 295;

variation in 390

Asteranthe 385

Astragalus 473; alpinus 204; Uucanthus

206
-.oils, _
Vtragene 39^

Atriplex Lampa 155

Aulotandra 316

Autumn foliage in Europe 37^>

Azalea Lapponica 210; procum

B

13*

•^tostaphylos alpina 209
Zenana, arctica 137; lateriflora

^acrocarpa 138; physodes 138; Rossii

139

iVs^ 1902] 48I

Bacteria, nodules 389; producing warts

Ba'te'nology, chair of 39*; Oratory

truide 469 -

Baiiev, W. W., personal 1,2

Baiiev L. II., "Cycloped.a of American

horticulture" 467

BaS',Sbil,a.ao„r?
e«food3.,

Baranelskv, J,»oikoi 94

Harbour, persona! 320
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Barnes,C R. 163, 240, 312,313,381,383,
385. 386; personal 88,319

Bartholomew, Elam, personal 86

Barton, Edith, personal 87
Basidiomycetes, binucleate cells in I

Beadle, C. D., work of 473
Beal, W. J., personal 480
Beauverie, work of 75
Behrens, work of 73
Beihefte zum Botanisches Centralblatt

247
Belli, C. S., personal 398
Benecke, work of 74
Bennett, A. \\\, death of 247; sketch of

479; work of 391
Berlese, A. N., personal 399
Bernard, work of 75
Bessey, C. E. 157; personal 174, 319
Bessey, E. A. 84, 387; personal 479
Betula nana 135
Bevan, E. J. (and Cross, C. F.); "Re-

searches on cellulose" 163 •

Bicuculla 392
Biological laboratory, Cold Spring Har-

bor 319
Biological Station, on Great Lakes 480;

University of Montana 247
Bisetaria39i

Bitter, Georg, personal 247
Black man, work of 164
Blaisdell, F. E., Alaskan plants of 126,

109. 284
Bogue, E. E,. personal 88
Bonnier, work of 83
Bordeaux mixture 26, 4 1, 43
Bornet, personal 175
Botanical Garden, of Missouri 175; of
New York 173

B. A. A. S. 398
Botanical Society of America 479
Botanisches Centralblatt 175
Botanists of the central states, Chicago

meeting 87
Botrytis, and copper solutions 39; cinerea,

parasitism of 421 ; vulgaris and copper
compounds 31

Bouilhac. work of 83
Bower, F. O., work of 473
Boynton. F. E., work of 473
Brachythecium 316
Branch growth, direction of 394
Branner, ). C\, personal 398
Brannon, M. A. personal 87
Brassica oleracea. Molischon albescent 77
Bravassia grandiflora 255
Brefeld, work of 5.

Brewer, W. H., persona! 319
Britton. Mrs. E. G.. personal 320

Britton, N. L., personal 246, 399* 479;

work of 391
Brodiaea capitata, subterranean organs

416
Bromelin 313
Bromus pacificus 130
Brotherus, V. F., wTork of 239
Bruneis, Stephen, personal 320
Bryologist 320
Bryophytes, Tansley and Chick on con-

ducting tissue in 76
Buller, A. H. R., personal 87
Bulletin de l'Herbier 247
Bulletin de THerbier Boissier, card index

240
Burrill, T. J., personal 87
Biisgen, personal 172
Butomus umbellatus, ovules of 214

c

Cacaha, ovata 157; sulcata 157
Cakile and ' decomposition of NaCl,

Benecke on 74
Caldwell, O. W., personal 87
Callisia grandiflora 261

Calochortus 241; umbellatus, subter-

ranean organs 415
Campanula, lasiocarpa 285; uniflora 285
Campbell, D. H.

, personal 86, 172
Campylospermum 391
Carbohydrates, autumnal migration 73;

Griffon on synthesis of 82
Carbon dioxid, influence of, on form and

structure 82
Cardamine 473; bellidifolia 146; Blais-

dellii 146; pratensis 146, 147; purpurea

146, 147
Cardiocarpon anomalum 170
Cardot, J., work of 315
Carduus 473
Carex, capitata 130; compacta 130; lago-

pina 130 ; macrochaeta 130; misandra
130; rigida 130 ; scirpoides 130

Carices, Fernald on 388
Cassiope tetragona 209
Castanea pumiia 108
Castiileia pallida 299
Cavara, F., personal 398
Cellulose 163
Centralbl. Bakt. Parasit. Infekt. 175
Centrosome in Polytoma 241
Cephalotaxus Fortunei, pollen tube of 94
Cerastium 473; alpinum Fischerianum

139; Fischerianum 139; vulgatum 139
Ceratozamia longifolia, male gametophyte

of 9 1; pollen tube of 94
Cestrumu nocturnum 254; Poasanum 253
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Chaetomium, and copper compounds 31

Chamaecrista 316
Chamaecvparis 444
Chamberlain, C. J. 165, 168, 310, 317,

390, 395, 471, 472; personal 85, 86
Chesnut, V. K., work of 163
Chick, work of 76
Chlorogalum Pomeridianum, subterranean
organs 412

Chlorophyll, and carbohydrate synthesis

82; in Nostoc, Bouilhac on 83
Chlorophyceae 78
Chodat, R., work of 315
Chorioactis 392
Chrysanthemum integrifolium 296
Chrvsosplenium tetrandrum 199
Church, Arthur II., work of 387
Cineraria frigida 297
Citation, rules for 398
Citharexylum pterocladum 255
Ciadochytrium, Alismatis 49; Butomi 50;
Menyanthis 58

Clark, H. L., personal 480
Clark, Judson F, 26, 245 ; work of 244
Ciaytonia, sarmentosa 137; tuberosa 137
Clematis 392
Clements, F. E., personal 87
Clinton, G. P. 49
Clintonia Andrewsiana, subterranean
organs 401

Ciute, W. N.: M Our ferns in their haunts
"

70

Cochlearia officinalis 147
Cockerel), T. D. A. 378 ; work of 24I
Coker, W. C. 89
Collections of A. II. Curtiss 154
Colmeiro, Miguel, death of 85
Columnea calcarata 254
Comarum palustris 202
Comber, Thomas, death of 479
Commelina, nudiflora26l ; Virginica 261
Composite variation of ray flowers 462
Unard, Henrv S., work of 389
Concilium Bibliographicum, botanical
bibliography 320

Conducting tissue in Brvophvtes 76
^onioselinum Gmeiini 299
J:0niothyriumdiplodiella84
wtm, H. W.: "Agricultural bacteriol-

r
°sy

? '

3o9
^otocephalus, Haberlandt's new organ
on 300

J;Onover, Lenore, personal 480
^ntnbutors

: Arthur, J. C. 62, 239t 4&6
408, 469; Ashe, W. W. 230 ; Bain, S. M.
245; Barnes, C. R. 163, 240. 312,313.
** l

> 383,385, 386; Bessev, C E. 157'.

*«*ey, E, A. 84, 387 ; Chamberlain,

C. J. 165, 168, 310, 317, 390, 395, 471,
472 ; Clark, J. F. 26, 245; Clinton, G.
P. 49 ; Cockerell, T. D. A. 378 ; Coker,
\V. C. 89 ; Copeland, E. B. 74, 164, 242,

300; Coulter, J. M. 71, 72, 73, 78, 163,

239, 241, 315, 384, 385» 386, 387, 389,

390,39^ 392, 467, 473, 474; Cowles,

H. C. 70, 71, 73, 74, 75, 76, 77, 79, 82,

84, 160, 164, 236, 240, 311, 314 ; Davis,

B. M. 241, 242, 313, 314, 315, 386;
Eastwood, Alice 126, 199, 284; Fair-

child, D. G. 376, 461 1 Fernald, M. L.

154; Frye,T. C. 165; Gooding, L. N.

66 ; Hall, J. G. 214 ; Harper, R. A. 1

;

Holton, Nina G. 243 ; Irons, E. E. 469 ;

Land, W.J. G. 74, 241, tfl; Lauman,

G. N. 397, 475 ; Leavitt, R. G. 376

;

Livingston, B. E. 166, 380, 392, 471,

472 ; Lvon, Florence M. 164, 171, 473 ;

Newcombe, F. C. 177, 263, 341 ; Over-

ton, J. B. 363 ; Pierce, N. B. 235 ; Pres-

ton, C. E. 150; Rimbach, A. 401 ; Rus-

sell, H. L. 309; Sargent, C. S. 108;

Schneider, A. 162; Schrenk, H. von

388; Shaw, C. H. 437; Shear, C. L.

220; Smith, J. D. 249; Smith, R. E.

421 ; Timberlake, H. G. 80 ;
Townsend,

C. O. 470 ; Webb, J. E. 451 J
Whitford,

H. N. 313, 316; Wilcox, E. M. 462;

Wrightson, P. G. 393

Copeland, E. B. 74, 164,242,300; per-

sonal 85, 88, 246

Copper compounds, toxic properties of 26

Coprinus 27 ; clamps in 5 5
ephemeras 18 ;

micaceus and copper compounds 31

;

radiatus 18, uninucleated cells 3 ;
ster-

corarius 19

Coptis trifolia 142

Coreopsis 473 , .

Cornu. Maxime, death of 400

Cornus, canadensis 209 ; suecica 209

Corvdalis pauciflora 145

Costantin, M. J.,
personal 246

3x5/31-385,386,387,39,390,391,
392, 467, 473, 474 ;

personal, 86, 88, 172

Coulter, J. G. personal »

5

Coulter, S. M. personal 319, 4°°

Coulter, Stanley, personal 87

Coville, personal 479 ; ^*£2\.
rowle* H. C. 70, 71. 73, 74, 75, 7°, 77,
C

79 82, 84, !6o 164,236,240,311,314;

personal 88, 173. 320, 399, 400; work

C,
SSS5o1ia in: bland* 121 ;Bn8hu
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123;

109 ; canadensis 233 ; cibilis 232 ; col-

lina 115; coruscaii7; Crus-galli no ;

edita no; elliptica 113; Ellwanger-
iana 118; fecunda in; flava

ftava 124; Floridana 124 ; gemmosa
119 ; Georgiana 113 ; lacera 123; mol-
lis 116, 234; obtecta 233; ovalifolia

113; prunifolia 113; Ravenelii 122;
sera 115 ; sordida 114 ; tomentosa 121 ;

viridis 122

Cross, C. F. (and Bevans, E. J.) :
" Re-

searches on cellulose " 163
Cryptorneria, morphology of 168
Cuba, Harvard Station 399
Cummings, Clara E., personal 399
Cunninghamia, morphology of 168
Cupresseae, male gametophyte of 91
Cupressus funebris 159
Currant cane blight and copper com-
pounds 31

Curtiss, A. H., collections of 154
Cuspidatula 77
Cyanophyceae 317
Cycladenia 316
Cyphochlaena 78
Cystosira barbata, fertilization of 166
Czapek, Fr., personal 246 ; work of 73

D
Dale, Elizabeth, work of 389
Dalia Torre, C. G. (and Harms, A.)

:

List of genera" 239
Dandeno, J. B., work of 393
Davenport, C. B,, personal 400
Davis, B. ML 241, 242, 313, 314, 315, 386 ;

personal 85, 88, 320
Davis, C. A., personal 480
Davis, N. F., personal 319
Debray, Ferdinand, personal 176
Delphinium 392, 473; Blaisdellii 142;

Californian species of 241 ; Menziesii

143
Densmore, H, G., personal 87
Denton, Minna C, personal 480
DeVries, Hugo :

" Mutation theory " 236
Diapensia lapponica 211
Diaporthe, stromata of 10

Didymoon nudiflorum 261
Diels, work of 74
Dipteris, Seward and Dale on 389
Diseases, grape rot 84 ; onion smut, 84
Doassansia alisrnatis 60

.»

Dodecatheon frigidum 211
Donnellia 261 ; grandiflora 261
Ddrrlefs "Botaniker Adressbuch " 385 ;

work of 385

flora 471; in Naias major, Guignard on

74 ; in Ranunculaceae 388
Draba 473; alpina 148 ; hirta 148; hirta

tenella 148
Dryas, integrifolia 202 ; octopetala 202
Dryer, Charles R.: " Lessons in physical

geography" 71

Dryopteris fragrans 129
Ducamp, work of 472
Dufft, Karl, death of 400
Duggar, B. M., personal 479
Durand, personal 85

E
Earle, F. S., personal 399
Eastwood, Alice 126, 199,284; wTork of

241,316,473
Echinus microtuberculatus, fertilization

of 166

Effront, J.: "Enzymes and their applica-

tions " 381
Elymus mollis 130
Embryo sac, of Araliaceae 472 ; of Lim-

nocharis 214; of Rubiaceae 474 ; of

Spiraea 459

Embryo, of Araliaceae 472 ; of Limno-
charis 214 ; of Rubiaceae 474 ; of Spi-

raea 459
Empetrum nigrum 207
Engler, A., work of 78, 385, 386 :

M Afri-

can monographs" 385; " Pflanzen-

reich " 71, 239, 386 ;
(and Drude) "Veg-

etation der Erde" 247, 311 ;
(and

Prantl) " Naturlichen Pflanzenfami-

lien " 239
Enzymes 38 1; formation of 243; of Nepen-

thes, Vines on 313
Ephedra, male gametophyte of 91

Epiblepharis 391
Epilobium, latifolium 208 ; spicatum 208

Epiphegus, subterranean plants of 376
Equisetum, pratense 129; variegatum 129

Erigeron 473 ; uniflorus 296
Eriophorum, angustifolium 130 ; vagi-

natum 130
Erodium, cicutarium 152, seedling of 150

Erythronium, grandiflorum 67 ; Hender-
soni 67 ; obtusatum 67; parviflorum 67

Escluse, Charles de \\ work of 386
Etard, work of 82
Euphrasia 77
Eurhynchium 316
Evolution, Korschinsky on 396
Excretion of water and solutes 392

F
Double fertilization, in Monotropa uni- FairchikL'D. G. 376, 461 ; personal 86-
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Farmer,]. Bretland, personal 87

Farwell, O. A.: work of 384; "Cata-

logue of Detroit flora
M

J4

Fernald, M. L. 154; work of 388
Femow, B. E. f

personal 398
Ferns, Underwood on 390
Fertilization, in Pvtluum, 314; in Arhacia

pustulusa 166; in C\>tosira barbata

166; in Kchinus microtuberculatus 166

Field, H. H., personal 320
Filix, fragilis 120; montana 129
Fimbristylis schoenoides 154
Fink, Bruce, personal 87
Fischer, A . persona) 246; work of 80

Fisher, W. R., per- ma I 246
Flahault, personal 398
Florida, plants of 1 54
Flower of Spiraea 451
Forest reserves >2o

Forester 172
Forestry and irrigation 172
Franchet, personal 176
Frank, A. H.. death of 400
Fraxinu$,catawbiensis 130; biltmoreana

230; profunda 2 30
Friedel. work of 315
Fr liaria 316; lameolata, subterranean

organs of 403
Frost

:
" Laboratory guide w

469
Fnihwirth, work of 7 ;

Frve. I. C., 16$; personal 88; work of

390

6|sjii, K,
t personal 8.

F«maria/v//wr /yf : / 145
tun. of Oh , Kellerman on 46
™*gi« les, action of 244
Fosarium & mi, Bernard on 7 5

G
er. < . S., work of }QO

Gagnepain, F.. work ol ;i6
^alenia, secunda 155; boreal* 2 \

•way, B. T., personal 47?
«*metophyte, of Helminth tachyi $&l

of Ophiogloswun 39» J
Ol >chizaea 392

««oong,W. i„ pen ia i 173, 174
Jjartioer, work of 70
generic nomenclatui :20
.^entiana 77 ; friijida 284 : w'lauca 284 ;

_ Propioqua 285
[*opyxis 392

J*
°fgia, plants of t S4

}*Pp. Anthony, per^ nal 87
wanium 473
}*rl

«
• Kicftitt, work of 7Q

J^nnination. relation of light l6i
°*ttn

» Rossii 203

Giesenhagen : "Niphobolus" 71

Gifford, John, personal 173

Gilbert, J. H., personal 173

Giovannozzi, work of 240

Gland action 472
Glaziocharis 384, 391

Gloeosporium malicorticis and copper

compounds 3

1

Glvptostrobus, morphology of 168

Gnaphalium 316

Goebel, work of 475

Gomt', Maud :
" With the wild flowers "70

Goldflus, M., work of 84

Gomont, M., work of 78

Gonzalea bracteosa 252

Goodding, L. N. 66

Grav. George M., personal 400

Green. J. R., personal 246, 398

Greene, Edward L.: work of 315. 39*.

47;; "Plantae Bakerianae " 72

Greenland, botanical exploration 398

Grey, R. M., personal 399

Griffiths, David, work of 38S

Griffon, work of 82

Groom, Percy, personal 246

Grover, F. O.. personal 88

Growth, affected by various salts, air cur-

rents, osmotic pressure 75

Guarea. purpurea 250; Tuerckheimi 250

Guatemala, undescribed plants from 249

Guignard. L., work of 74- 3^
Gurania megistantha 251

Guttulinopsis 239

Gvmnandra Stetlert 293

Gvmnopteris triangularis 129

Gymnosperms, morphology of 89, 108

H

f Iaberlandt,W..wo
rkof ;oo3i3

Halacsv. 1 work of 385: * lora

Greece s
5

Hall, Job* G. ai4

Hallowell, S. M., persona 1
246

Malsted.B.D.. personal 1,4, 399

Harbison. T. G.. work of 47

3

Harper R. A .11 personal 87

Harrimanella 78

Harris. Mrs., personal 320

Harshberger, J.
^..personal 86

Hartig, Robert, death of 8 5

Hattori. W„ work of 74

Haupt, work of 47*

Heald. F. D- PeP«'"
a '

"i 20 , . truncatum
Hedvsarum. aurtculatum 205 .

<™

He'gtrtobert, death of 400; work of

317
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Helianthus annuus, variation in ray flow-

ers 463
Heliotropium, curassavicum 378 ; xero-
philum 379

Helleborus trifolius 142
Helminthostachys zeylanica, prothallia

of 392
Hemming, Ernest, personal 173
Heracleum lanatum 208
Herbarium of New York Botanical Gar-

den 480
Hesperaster24i, 392
Heterogenesis, Korschinskyon 396
Hicks, J. F., work of 84
Hill, E. J., personal 88
Hill, T. G., personal 174
Hilihouse, W., translation of Strasbur-

ger's "Practical botany" 310
Him, personal 176
Holferty, G. M. personal 88
Hollick, Arthur, personal 173
Hollrung :

" Jahresbericht " 470
Holm, Theo, work of 77
Holton, Nina G. 243
Horticulture, Cyclopedia of American

467
Hottes, C. F., personal 87
Howe, C. D., personal 88, 480
Huber, Jakob: "Arboretum Amazoni-
cum n

72
Huntington, Anna Oakes : "Studies of

trees in winter" 162
Hyacinthus orientaiis 80
Hybrids, Gregor Mendel on 475
Hydathodes, Lepeschkin on function of

164; substitute 300
Hydnoraceae 71
Hymenornycetes, binucleate cells in 1

Hypholoma 27 ; appendiculata and cop-
per compounds 31

Hypochnus, binucleated cells of 4

I

Ikeno, work of 97, 242
Ilex decidua Curtissii 155
Indians, Chesnut on plants used by 163
Iris, arctica 132 ; Missouriensis 68^; pelo-

gonus r-,s setosa I32
Irons, E. E., 469
Isana pulcherrima, protobasidia in 20
Istvanffi, G., work of 386; "Code de

r'scluse" 386

J

Jack, J. B., death of 247
Jackson, B. Daydon, personal 87
Jackson, J. R,, personal 247

jj

Jakowatz, A., personal 479
Jenman, G. S., death of 480
Johnson, D. S., personal 319
Jonsson, Helgi,work of 77, 82
Journal of geography 173
Jumelle, work of 82
Juncoides, campestre sudeticum 130 ;

par-

viflorum 130
Juncus, castaneus 130 ; Haenkei 130

K
Karoly, A. F., personal 248
Karyokinesis in Magnolia and Lirioden-

dron 73
Keinitz-Gerloff, work of 471
Kellerman, W. A,, personal 173, 239;
work of 469

Kerner's " Pflanzenleben/' translation of

479
Klebs, work of 242
Klinge, J. C, death of 398
Knowlton, F. H., personal 398
Koernicke, Max, personal 319
Korschinsky, S. I., death of 400 ; work of

396; "Heterogenesis und Evolution"
238

Korsinski, I., work of 241
Krasser, Friedrich, personal 246
Kruuse, personal 398
Kuntze, Otto, personal 174
Kupfer, F^lsie M.,work of 392
Kusano, work of 313

L
If

Laestedia Bidwelhi 84
Lagotis glauca 293
Lajos, Thaisz, personal 248
Lamson-Scribner, personal 86
Land, W. J. G., 74, 241,471; personal

88
Lang, W. IL, personal 87 ; work of 392
Lappula 473
Larsen, John, personal 480
Lathrop, Bryan, personal 86
Lathyrus maritimus 299
Lauman, G. N. 397, 475
Laurent, work of 77
Lawson, A. A., personal 399
Leathers, W. S., personal 400
Leaves, albescence of 76 ; Blackman and

Matthaei on responses to traumatic

stimulation 164; Linsbauer on trans-

parency of 83 ; Thomas on subterra-

nean 78
Leavitt, R. G., 376 ; "Outlines of botany

382
Lechea Leggettii 155

»>
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Ledum palustris 210
Lepeschkin, \\\, work of 164

Lepidium 473
Lepidocarpon 169
Lesquerella 473
Leucanthemum integrifolium 296
Lexicon Generum Phanerogamarum 174

Light, indirect action on stem and leaf

81 ; influence of different luminous rays

on form and structure 81 ; Schulz on

relations to germination of spores 164

Lihaceae, subterranean organs of 401

Lilium Pardalinum, subterranean organs

of 404
Limnorchis 78
Limnocharis emarginata, embryo sac and

embryo of 214
Limnaea borealis 294
Linsbauer, work of 83
Livingston, B. K., 166,380,392,471,472;
personal 88, 480

Lloyd, G. E», work of 474
Lloydia, alpina 130; serotina 130
Loisleuria procumbens 210
Long, W. H. Jr., work of 316
Longyear, B. O., personal 480
Lotsy, J. P., personal 175
Lubbock, work of 150
Lupinus 473
Lychnis apetala 140
Lycopodium, alpinum 129; annotinum

129 ; Selago 129
Lycopods, imperfect sporangia 473
Lyman, G. H., personal 87
Lyon, Florence M. 164, 171* 473; Per

sonal 88
Lyon, II . L., work of 165
Lysimachia vulgaris 79
Lythrum,Curtissii 155 ; lanceolatum 155

M
Macbride, T. II., personal 87
MacDougal, D. TH personal 86, 172, 24*

399;
ik Elementary plant physiology*'

468

Macfarlane, John, personal 172. 479
MacMMan, Conway, personal 87, 24^
Madia 47 ?

VUgocsv-L)ietz,Sanclor, personal 172
Magyar Botanikai Lopok 248
Maire, R , work of I

Marine B logical Laboratory 400
Marsilia, oligospora 66 ; vestita 66
Massee, George, personal 87
Matavba, clavelligera 2^0; floribunda

•

25i

Mathews, Mary E,, personal 88

Matruchot, personal 176

Matthaei, work of 164

Mayaca, Anbletii 154; Aubletii 154; fluvi-

atilis 154; Michauxii 154

Mayenburg, O. H., work of 166

Maze, personal 176

McRae, Miss L. JLi., personal 320

Meehan, S. M., personal 173

Meehan, Thomas, personal 85

Megasporangium of Spiraea 457

Meiocarpidium 385

Mendel, Gregor, on hybrids 475

Merckia physodes 138

Merrell, E. D., personal 319

Mertensia, Alaskana 287; maritima 299;

paniculata 287; strigosa 287

Microsporangium of Spiraea 454

Microscope, apparatus for focusing pro-

jecting 241

Miehe, Hugo, work of 80

Millspaugh, C. F., personal 88

Mirande, personal 176

Mitchell, J. X., personal 87

Mitosis, in Polytoma240; Wissehngh on

Spirogyra3i5

Miyoshi, M., work of 40

Molisch, work of 77

Moll, J. W.. work of 241

Molliard, personal 176 .
x .

Mollinedia, Boliviensis258; Costancensis

257
Monoon Yirginicum 261

Monotropa 316; uniflora. Shlbata °n

double fertilization in 47 *

Montia sarmentosa 137

Moore, A. C, personal 320

Moore, G. T., personal 86, 87, 320

Moore, K. A., work of 387

Moratnal depressions, vegetation in 43/

Mottier, D. M., personal 8

7

Movements, Giovannozzi on hygroscopic

Mucor spinosus and copper compounds 31

Mueller, a monument to Baron Sir F. von

246
Mutation theory 236

Mvosotis, a/pestris 2$S; areiioides 288; s>l-

vatica alpestris 288

N

Naias, conferta 154; major, Guignard on

double fertilization in 74

National irrigation 172
rhiraso

\ lturalists of the Central States Chicago

meeting 86
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Nepenthes, enzyme of 313
Nepenthin 313
New Phytologist 248
Newcombe, F. C. 177, 263, 34 1; personal

88

Nicholson, George, personal 247
Nome City, plants of 126, 199, 284
Nuclei, in Cyanophvceae 317; migration

of 80

Nymphaea, Conard on 389

o
Oat smut 387
Ocotea, dendrodaphnis 259; Palmana

25S; Quisara 259; Veragnensis 259
Oedocephalum, and copper solutions 39;
albidum 34, and copper compounds 31

Ohio fungi 469; exsiccati 173, 239
Olive, E. W., work of 239
Oliver, F. \\\, work of 389
Omphalodes nana 288
Ophioglossum pendulum, prothaliia of 392
Opuntia 473
Oranges, rot of 234
Orthocarpus 316
Osborn, Raymond, personal 248
Osmotic pressure, Beauvene on 75, in

fungus h\phae 166
Osterhout, G. E., work of 78, 392
Ostreopsis 78
Ouratea, gigantophylla 249; podogyna

249; Tuerckheimii 249
Overton, J. B. 363; personal 87; work of

77,83
Oxalis 473
Oxytropis, leucantha 206; Mertensiana

206
Oxyria digyna 1^5

P

Palladin, \V. J., personal 87
Pallavicinia, Tansley and Chick on tra-

cheids of 76
Palmer, Edward, personal 174
Papain 313
Parasitism of Botrytis cinerea 421
Papaver 392; nudicaule 145; radicatum

Pardo de Tavera, T. H.: "Medicinal
plants of the Philippines" 162

Parish, S. B., work of 77
Parnassia, Kotzebuei 199; palustris 199
Parrya macrocarpa 148
Parthenogenesis, in Alchemiila 369; in

Antennaria 368; in Thalictrum pur-
purascens 363

Pathology, plant 466, 470

Patterson, Flora A., personal 400
Pavetta indica, warts on 240
Peck, Charles H., work of 316, 384
Pedicularis, capitata, 288, 289; hians 289,

290; hirsuta 290; lanata 291; Langs-
do rffii 29i;Sudetica 290, 291, 292; ver-

ticiilata 292
Penhallow, D. P., personal 86
Penicillium, and copper 74; glaucum and
copper compounds 31

Pentstemon 473
Peperomia 391 ^
Peradeniya Botanic Garden 480
Perilla ocymoides 156
Personals: Adamovic. Lujo 87; Allen, C.

E. 87; Ames, Mrs. M. L. P. 319;
Andrews, F. M. 319; Arpad, Degen
248; Arthur, J. C. 479; Bailey, \Y. W.
172; Baker, J. G. 479; Barbour, 320;

Barnes, C. R. 88, 319; Bartholomew.
Eiam 86; Barton, Edith 87; Beal, W.
J. 480; Belli, C. S. 398; Bennett, A.

W. 247, 479; Berlese, A. N. 399; Bes-

sey, C. E. 174, 319; Bessey, E. A. 479;
Bitter, Georg 247; Bogue, E. E. 88;

Bornet, 175; Branner, J. C. 398; Bran-

non, M. A. 87; Brewer, W. H. 319;
Britton, E. G. 320; Britton, N. L. 246,

399, 479; Biuneis, Stephen 320; Bul-

ler, A. H. R. 87; Burrill. T. J. 87;

Biisgen, 172; Caldwell, O. W. 87;

Campbell, D. H. 86, 172; Cavara, F.

398; Chamberlain, C. J. 85, 86; Clark,

H. L. 480; Clements, V. E. 87; Col-

meiro, Miguel 85; Comber, Thomas
479; Conover, Lenore 4S0; Copeland,
E. B. 85, 88, 246; Cornu, M. 400; Cos-

tantin, M. J. 246; Coulter, J. M. 86, 88,

172; Coulter, J. G. 85; Coulter. S. M.
319, 400; Coulter, Stanley 87; Coville.

F. V. 479; Cowles, H. C. 88, 17 3* 32 °,

399, 400; Cramer, C. E. 246; Gum-
ming?, C. E. 399; Czapek, F. 246;

Davenport, C. B. 400; Davis, B. M. 85.

88, 320; Davis, C. A., 480; Davis, N,
F. 31Q; Debray, F. 176; Densmore, H.
G. 87; Denton, M. C. 480; Dufft, K.
400; Duggar, B. M. 479; Durand, 85;

Earle, F. S. 399; Fairchild, D. G. 86;

Farmer, J. B. 87; Fernow, B. E. 398;
Field, H. H. 320; Fink, B. 87; Fischer,

A. 246; Fisher, \Y. R. 246; Flahault,

398; Franchet, 176; Frank, A. B. 400;

Frye, T. C. 88; Fuiii, K. 86; Galloway,
B. T. 479; Ganong, \\\ F. 173, x 74;

Gepp, A. 87; Gifford, J. 173; Gilbert,

J. H. 173; Gray, G. M. 400; Green,

J. R. 246,398; Grey, R. M. 399; Groom,
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P. 246; Grover, F. O. 88; Hallo-

well, S. M. 246; Halsted, B. D.

174, 399; Harper, R. A. 87; Harris,

Mrs. 320; Harshberger, J. W. 86;

Hartig, R. 85; Heald, F. D. 87; Heg-
ler, R. 400; Hemming, E. 173; Hill,

E. J. 88; Hill, T. G. 174; Him 176;
Holfertv, G. M. 88; Hollick, A. 173;
Hottes,"C F. 87; Howe, C. D. 88, 480;
Jack, J. B. 247; Jackson, B. D. 87:

Jackson, J. R. 247; Jakovvatz, A. 479:
Jenman, G. S. 480; Johnson, D. S. 319;
Karoly, A. F. 248; Kellerman, W. A.

!73> 239; Klinge, J. C. 398; Knowlton,
F. H. 398; Koernicke, M. 319; Kor-
schinsky, S. I. 400; Kra>ser, F. 246;
Kruuse 398; Kuntze, O. 174; Lajos, T.
248; I amson-Scribner, F. 86; Land,
W, J. G. 88; Lang, \V, II. 87; Larsen,

J. 480; Lathrop, B. 86; Lawson, A. A.

399; Leathers, W. S. 400; Livingston,
B. F. 88, 480; Longyear, B. O. 480;
Lotsy, J. P. 175; Lyman, G. H. 87;
Lyon, F. M. 88; Macbride, T. H. 87;
MacDougal, D. T. 86, 172, 246, 399;
Macfarlane, J. 172, 479; MacMillan, C.

87, 248; M&gocsy-Dietz, S. 172; Mas-
see, G. '87; Mathews, M. E. 88;
Matruchot 176; Maze 176; McRae, L.
G. 320; Meehan, S. M. 173; Meehan,
T. 85; Merrell, E. D. 319; Millspaugh,
C. F. 88; Mirande 176; Mitchell, J. N.
#7; Molliard 176; Moore. A. C. 320;
Moore, G. T. 86, 87, 320; Mottier, D.
M, 87; Neger, F. \V. 246; Newcombe,
P- C. 88; Nicholson, G. 247; Osborn,
K. 248; Overton, J. B. 87; Palladm, W-
J- s 7; Palmer, K. 174; Patterson. F. A.

400; Penhallow, D. P. 86; Phifippi,
R - A. 172; Pinchot, (r. 470; Pirotta, R.

479; Poirault, G. 398; Pollock. J. B.88,

480; Post, T. von 174; Ramalev. F. 87;
Reed, H. S. 88, 480; Robert >n, C.

#7; Robinson, B. L. 172: Rowlee, W.
W

- 173; Rumphius, G. E. 174: Sade-
beck R. 85; Saint-Yves 176; Schimper.
A. F. \V. 160, 400; Schneider, A. 88;

Schoch-Etzensperger, F. 320; Schrenk,
H. von 86; Schewinit. L. D. 479;
Scott, D. IL 87; Shaw, C. H. 320:
Shear, C. L. 479; Shull, G. H. 88, 3*9;
Smith, Mrs. A. M. }20; Smith, B. H.
86; Smith, E. F. 85. 398; Snow. L. M.
88; Spalding, V. M. 17;. JI9; Spillman,

,

V
" J. 247, 319; Stoklasa, J. 247: Tans-

fj
A. G. 248; Thorn, C. 87; Thornber,

{• J- *7; Tilden, J. E. 85, 248; Timber-
,ak e, H. G. 87; tracv, S. M. 400; Tre-

lease, \V. 86, 87, 172; True, R. H.320;
Tubeuf, K. von 319; Uhhvorm, 0. 87;

Umbach, L. M. 87; Vines, S. H. 87;

Vladesco 247; Warming, E. 85; West-

gate, J. M. 88; Wettstein 85; Wheeler,

C. F. 88; Whitford, H. N. 88, 247, 399,

480; Wilcox, E. M. 88; Willis, J. C.

480; Willis, O. R. 479; Winkler, H.

247; Wolfe, J. J. 320; Vendo, K. 248;

Yocum, G. M. 88; Zachanas, E. 399;

Zimmerman, A. 479.

Petasites frigida 297

Pethybridge, work of 75

Pfeffer's :
" Pflanzenphysiologie " 380

Phegopteris phegopteris 129

Philadelphus 473
Philippi, R. A., personal 172

Photosynthesis, gas exchanges apart from

the living plant 315

Phvllostachvs mitis 312

Phyilotaxis, relation to mechanical laws

387
Physana 473
Physiology in the laboratory 468

Physoderma macnlare 59

Pick, work of 82

Pieice, N. B., 235

Pilacrella delectans 21

Pinchot, Gifford, personal 479

Pine cone, morphology of 157

Pinsmcula, arctica 293; vulgaris 293

Pinus, Laricio 99, pollen tube of 94; Pu "

milio 1 59; silvcstris 97

Piper calophyllum 257

Piper, C. V., work of 473

Piperia 78

Pirotta, R., personal 479 .

Plantago fastigiata, self-burial of seeds

388
Plasmodesmen 79

Pluchea Quitoc 157

Poa alpina 1W arctica 130

Warpus, affinities of 102; archegonia

98; cJriacea 89; embryo 99; female

Jrothallium 96; gametophytcs and cm-

bryo 89; pollen grain 90; pollen sac 90,

pollen tube 94

Poepalanthus pilulifer 1 54

Poirault, G.. personal 39° . - .

Ens. Pulst on physiology of adjust-

ment 47 l
. - a~

Polaritv Miehe on change in SO

Ltnlonium, acutiflorum 286; caeruleum

Pnllard C. L.. work of 3 lS . .

Pollen of Zostera ^
Pollock, J. B.. personal 88, 4^o
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Polyembryony, in Limnocharis 217
Polygonum 391
Polygonum, bistortoides 135; viviparum

Poly-podium, Alfari 262; capillare 262
Polytrichum, Tansley and Chick on
anatomy of 76

Pond islands, origin of 446
Poplar, a precocious branch of 461
Post, T. von, personal 174
Potamogeton 391
Potato, relation to fungus 75
Potentilla 316; biflora 203; fruticosa 203;

unirlora 203
Potoni£, H., work of 239
Preston, Carleton E. 150
Primula, eximia 212; Mistassinica 212;

nivalis 212
Prosartes Hookeri, subterranean organs

of 402
Proteids, autumnal migration 73
Prothallia, of Helminthostachys 392; of

Ophioglossum 392
Protoplasm, continuity of 47 1; Ilaber-

landt on longitudinal fibrils

Strasburger on continuity of 79
Prowazek, work of 241
Primus 473; Liurocerasus 164; tarda 108;

umbellata 109
Psychotria polyphlebia 253
Pteridophytes, Bower on imperfect spo-

rangia of 473
Puccinia 316, 473
Pulst, work of 471
Purdy, Carl, work of 241
Pythium, fertilization in 314

in 313;

Q
Quercus rubra 377

R I

Rafflesiaceae 71
Ramaley. F., personal 87
Ranunculaceae, double fertilization in

388
Ranunculus 391, 392; affinis 144; nivalis

143; Pallasii 299; pygmaeus 143; ver-
ticiliatus 144

Reed, H. S., personal 88, 480
Rendle, A. B., work of 239
Reproduction, Klebs on physiologv of

242
Reserve food in bamboo 312
Respiration of Aspergillus 241
Reviews: Bailey's "Cyclopedia of Ameri-
can horticulture" 467; Baker's "Con-
jugating yeast" 72; Clute's "Our ferns
m their haunts " 70; Conn's "Agricul-

tural bacteriology" 309; Cross and
Bevan's " Researches on cellulose

"

163; Dalla Torre and Harms's " List of

genera" 239; DeVries's "Mutation
theory" 236; Dorfler's " Botaniker
Adressbuch " 385; Dryer's " Lessons in

physical geography" 7 1; Effront's

"Enzymes and their applications" 381;
Engler's "African monographs " 385,
" Pflanzenreich,' 71, 239, 386, (and
Drude) "Vegetation der Erde " 311,
(and Prantl) "Natiirlichen Pflanzen-
familien " 239; Farwell's " Catalogue
of Detroit flora " 384; Frost's " Labora-
tory guide" 469; Giesenhagen's "Ni-
phobolus" 71; Going's "With the wild
flowers " 70; Greene's " Plantae Ba-
kerianae " 72; Halacsy's " Flora of

Greece " 385; Hillhouse's translation

of Strasburger's " Practical botany

"

310; Hollrung's "Jahresberichte" 470;
Huber's "Arboretum Amazonicum

"

72; Huntington's "Studies of trees in

winter" 162; Istvanffi's "Code de
PEscluse" 386; Korschinsky's " Hetero-
genesis und Evolution" 238: Leavitt's

"Outlines of, botany" 382; Mac-
Dougal's " Elementary plant physiol-

ogy " 468; Pardo de Tavera's " Medici-
nal plants of the Philippines" 162;

Pfeffer's " Pflanzenphysiologie " 380;
Strasburger's " Das kleine botanische
Practicum" 310; Thome's "Flora von
Deutschland" 71, 385; Urban's " Sym-
bolae Antillanae " 384; Ward's " Dis-

in plants " 466; Warming's
"Podostemaceae" 71; Wiesner's "Die
Rohstoffe des Pflanzenreiches " 386

;

Wright's "Flowers and ferns in their

haunts" 70.

Rheinbold, Th., work of 78
Rheotropism, geotropic counter curve

278; in older plants 35 1; latent period
and after-effect 27 1; location of sensi-

tive area 341; nature of stimulus 354;
of roots 177, 263, 341; persistence of

sensitiveness 276
Rhizoctonia and copper compounds 31
Rhizophyton 58
Rhizopus nigricans 34, and copper
pounds 31.

Rhodiola rosea 149
Rhododendron Lapponicum 210
Ribes 473; aureum 316; lentum 316
Rimbach, A. 401
Robertson, Charles, personal 87
Robinson, B. L., personal 172; work of

77,391

com-
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Rocks, influence on vegetation 316
Rodrigue, work of 76
Roots, rheotropism of 177, 263, 341
Roripa 473
Rosenberg, O., work of 165
Rosenvinge, work of 1

Rot, grape 84: of oranges 234
Rowlee, W. W., personal 173
Rubiaceae, bacterial nodules 389; embry-
ology of 474

Rubus, arcticus grandiflorus 204; Charm
morus 204

Rumex, Acetosa 136; occidentalis nanus
136

Rumphius, Georg Eberhard, personal
174

Russell, II . L. 309
Rusts, heteroecious 62
Rydberg, P. A, work of 78, 391, 473

S
Sabbat ia, calycosa 156; chloroides 156;
rohosa 155

Saccharomyces and copper compounds

Sadebeck, Richard, personal 85; work of

Saint- Yves, personal 176
Sahcin, effect on Botrvtis 430
^ahcornia and decomposition of NaCl,
oenecke on 74

Salix, alaxensis 133; Chamissonis 133:
glauca 133; phlebophvlla 134; reti-
culata 134; speciosa in

^ammelzeilen 56
Sanguisorba media 204
Japmm biglandulosum lanceolatum 155
wgent, Charles S. 108
^ussurea alpina 297
Savastana alpina 1 ;o
^axifraga, adscendens 200; bronchial*

200; comosa 200; flagellar^ Mo; hiera-
C"oha20I; Hirculis 201: >ppositifolia
201; punctata 20 1; Richardsoniana
202; nvularis 201 ; stellaris comosa 200
cnimper, A. F. W., death of 400; sketch
01 160; "Pflanzengeographie" 246

^nizaea bifida, prothaliium of 392gnudt
f Jobs., work of 78

?K
e
i
dCff A ' bert l62; Personal S8

rk 1

EtzensPcrger, Emil, persona! 320

^Hnk
- Herman von 388; personal 86

**k, N.
s work of 164

S?^
ein,tz

'
Lewis D

- von >
*ketch of 479

ciadopuys, morphologv of 168
iiopus Higelovii, subterranean organs

s
or 405 m„m .,--,.

*Cott
> *>. H., personal 87; work of 169 tion to sugar 73

Scutellaria, glabriuscula 156; integri-
folia 156

Seaside Laboratory, Hopkins 399; Min-
nesota 248

Sedum, Rhodiola 149; roseum 149
Seedlings, of Erodium and Amsinckia,
Lubbock on 150; rheotropism in 183

Selby, A. D., work of 84
Selaginella rupestris 170
Senecio, frigidus 297; lugens Blaisdellii

298; resedifolius 298.

Sequoia, morphology of 168; sempervi-

rens97, 159
Serratula alpina 297
Setouratea, 391
Seward, A. C, work of 389
Sexual cells, character of 167

Shaw, Charles H. 437; personal 320

Shear, C. L 220; personal 479
Shibata, K., work of 312, 471

Shull, G. H., personal 88, 319; work of

390
Sidalcea 316
Sieversia Xossii 203 •

Silene acaulis 140

Smith, Mrs. A. M., personal 320

Smith, Benjamin H., personal 86

Smith, Erwin F., personal 85, 398

Smith, John Donnell 249

Smith, Ralph E. 421

Smut, of oats 387; of onion 84

Snow, Laetitia M., personal 88

Solanum 77
Solidago multiradiata 299

Solutes, absorption and excretion of 393

Sophia 473
Sorophoreae 239
Spalding, V. M., personal 173. 3*9

Species, von Wettstein on origin of new

Sperms, character of 167

Sphaerostilbe microspore comdiophores

of 20

Spiliman, W. J.,
personal 247, 319

Spiraea, betulaeflora 204 \
flower and

brvo of 451

Spirogvra. mitosis in 31S

Sporangia, imperfect in ptendophytes

17 2 ; with tracheal elements 3*9

Spores, in Taphrina 242; relations of

light to germination 164

Spraguea 316

Stachvs3i6
Stahl, work of 77, 82

Stanleva 473 . TT , ,. . ^ T -

Starch; formation in Hydrodictyon Tim-

berlakeon SMS Czapek on transforms

em-
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Statice Armeria 213
Statistical methods, Whitney on 312
Stellaria longipes 140
Stenadenium 78
Stephani, F., work of 77
Sterigmatocystis nigra and copper com-

pounds 31

Stevens, W. C, work of 391
Stilbum vulgare 21

Stokes prize 398
Stoklasa, Julius, personal 247
Stomata, in winter 337
Strasburger, E., work of 79, 390 ; " Das

kleine botanische Practicum" 310
Sturgis, \V. C, work of 44
Subterranean organs of Liliaceae 401
Sugars, effect on Botrytis 428
Swartzia myrtifolia Guatemalensis 251
Symplocaceae 71
Synthesis, and anthocyan 82 ; and chloro-

phyll 82; of carbohydrate 83
Synthyris 473

T
Tannin, effect on Botrytis 429
Tansley, A. G., personal 248 ; work of 76
Taphrina, spore formation in 242
Taraxacum, Dens-leonis 299; officinale

lividum 299.
Taubert, work of 391
Taubet, work of 384
Taxodium, morphology of 168
Taxus, baccata 97

;

of 91
Teodoresco, work of 81

male gametophyte

purpurascens,

Flora von

391

Thalictrum, alpinum 144;
parthenogenesis in 363

Thelvpodium 473
Theriot, L, work of 315
Thorn, Charles, personal 87
Thomas, A. P. W., work of 78, 392
Thornd, work of 385

;

Deutschland" 71, 385
Thornber, J. J., personal 87
Tieghem. Ph. van, work of
Tilden, Josephine E., persona! 85, 248
Tilia,eburnea23i

; heterophylla230,23i

;

pubescens 231
Timberlake, H. G., 80; personal 87;

work of 314
Timpe, work of 76
Tofieldia, borealis 131

;

Tollens, work of 73
Townsend, C. O., 470
Toxicity of copper 26, 74
Tracy, S. ML personal 400.
Tradescantia, Lararniensis 68

lorum 68

palustris 131

Transpiration of evergreen trees,Kusamo
on 313

Trees, American 230 ; new North Amer-
ican 108

Trelease, William, personal 86, 87, 172
Trema enantiophylla 259
Tremella mycetophila 4
Trientalis, arctica 213 ; arctica 212 ; Eu-

ropaea 213
Trifolium 316

scopu-

Trillium 473 ; ovatum, subterranean or-

gans of 409
Triscyphus 384, 391
Trow, work of 314
True, R. H., personal 320
Tubercularia volutella, conidiophores of

20
*

Tubers, relation to fungi 75
Tubeuf, K. von, personal 319
Tucker, work of 73
Tussilago frigida 297

u
Uhlvvorm, O., personal 87
Umbach, L. M., personal 87
Underwood, L. M., work of 390
Urban, Ignatius, work of 384 ;

" Sym-
bolae Antillanae" 384

Uredineae 62

Uredo 473
Urnula 392
Uromyces 473
Uvariastrum 385.

v
Vaccinium uliginosum 211
Valeriana capitata 294
Variation, in relation to heterogenesis

396 ; of ray flowers of Compositae 462 ;

quantitative study in Aster 390
Vegetation, influence of rocks on 316
Veronica alpina 292
Vines, S. H., personal 87 ; work of 313
Viola, biflora 207 ; palustris 207
Vladesco, personal 247

vv
Wagner, Rudolf, work of 78
Ward. H. Marshall : "Disease in Plants"

466
Warming, Eugen., personal 85 ; work of

384 ;
M Lehrbuch der okologischen

Pflanzengeographie " 399 ;
" Podostem-

aceae" 71
Water, absorption and excretion of 393
Webb, J. E., 451
Webber, H. J., work of 395
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Weber, work of 473
Wehmer, work of 73
Went, F. A. F. C, work of 243
West, W. and G. S.. work of 78
Westgate, J. M., personal 88
Wettstein, von, personal 85; work of 31;
Wheeler, C. F., personal 88
Whitford, H. N., 313, 316; personal 88.

-47, 399, 480
Whitney, work of 313
Weisner, work of 386: "Die Rohstoffe
des Prlanzenreiches M 386

Wilcox, E. M., 462 ; personal 88
Wilczek, E., work of 315
Williams, K.S., work of 316
Willis, J. C, personal 480
Willis, O. R. p death of 470
Winkler, Hans, personal 247; work of

166

Winter, stomata in 3 ^7
Wolfe, J. J., personal 320
Woods Hole, botanical courses 320; mo-
rainal depre ions of 437

Wright, Mabel Osgood: "Flowers
ferns in their haunts" 70

Wrightson, P. G., 393

and

Y

Yeast, a conjugating 72
Yendo, K., personal 248
Yocum, Georgia M., personal 88

z

Xacharias, E., personal 399 ; work of 167

Zamia, Webber on 395
Zielstorff, work of 73
Zimmermann, A., personal 479; work of

240, 389.

Zostera marina, Rosenberg on pollen of

165
Zygadenus, elegans 131 ; Fremonti, sub-

ter nean organs of 411 ;
glaacus 131

/vgosaccharomyces 73
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Highest Award
Possible.....
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theBEST
Send for Catalogue
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FlFTY
•Styles

TRADE MARK
REGISTERED
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DaulE.Wirt "4 ,1

All YOUNTAIN^EN
or Address. BjlOOMSBURG\PA.

HY not use a clean Fountain

Pen, one that will write and

write always, without skipping,

blotting, or scratching?

The above Fountain Pen is and

has been sold on its merits all over

the world for sixteen years, and is

unconditionally guaranteed.
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MARK.

THE
Leading Typewriter

OF THE WORLD
The Only POLYGLOT—Using a HUNDRED Type Shuttles in TWENTY-St
Languages. AH Immediately interchangeable. Now adds to its Conceded Perfe<

%

ression

Eaclr day has
opnLtuti

Each
ApxsTov \i\ r](x&pa
Each day has its

cares
Tdbqn

Each day has its cares
ympo neuemcft each

has its cares B<K^t<a <vt j$aa*j*& <jut<3/rv

XOCJU
cares

Each day
(Bin jeber

! TS CARES
*Lt Teine

CROWNING GLORY
The Best MAN1FOLDER, where QUALITY and QUANTITY are desired
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WRITER
COMPANY

69th to 70th Street, East River

NEW YORK, N. Y-
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« THE NAME IS EVERYTHING."

Esterbrook
on a pen

guarantee

Jackson
A stub

popular .

ver

other

every

stationers

Accept

an absolute

its excellence

No. 442.
Increasingly

Try it.

varieties of

to suit
pose. All

have them,

substitute.

The Esterbrook Steel Pen Co

Works, Camden John Street,
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The Mark
Good

The pencil that bears the Dixon mar
needs no further guarantee

Am tyles

shapes of DIXON S American Graph-

ite PENCILS you'll find the pencil

that just suits your requirements.

A
For 16 centa we wit! mail you sample* wort
Ofcbte that amount, if your dealer aomn

*«*P t a.

JWEFR l>I\«5 CRI'CIBLEC*., J*r*e? fity, I. *

N.Y.

Wearing Points

are the best

<«SELLING POINTS
ff

On its

wearing

points

ALONE
the

REMINGTON
TYPEWRITER

outsells every other

writing machine

Wyckoff , Seamans 6 Benedict
(Remington Typewriter Company)

327 BROADWAY * * NEW YORK

THe New Model

DENSMORES

Densmore r Co.,
acoBn
New York
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and Spitzbergen
by the well-known Twin-Screw Steamer

Auguste Victoria"
leaving New York June 17th and Hamburg
July 3d, 1902. Duration of Cruise, from
Hamburg to Hamburg, 22 days.

~J>M u II

By the Twin-Screw Cruising Steamer

Prinzessin Victoria Luise
3 cruises, each of 14-16 days' duration, to the

LAND of the MIDNIGHT SUN
From Hamburg June 25, July 15, August 3

And a specially attractive cruise of 23 days

a NORTHERN CAPITALS
{Norway, Sweden, Russia, Denmark, Germany)

Both these vessels are classed among the finest cmisinevessels
constructed solely for the purpose of pleasure cruising! They \

igu

M - _ _ J^r M«*<r«t,d pamphlets, itineraries, etc., address Defit. ,-HAMBURG-AMERICAN LINE
35 -37•WSt «£*"•-MSU$Sfc&*WLS» st' Louis



A Wonderful Material
!

PANTASOTE
Waterproof—Greaseproof—Stainproof

Also Gennproof and FIREPROOF ! Unlike other leather

substitutes, it contains no cellulose, rubber or other danger-

ous and objectionable sub-

stances, and is also en-

tirely odortess.

Pantasote does not peel

or crack, is not affected by
heat, cold or climate.

Looks like Morocco leath-

er, wears better and costs

half. Tested nine years

with un- ^^^
qualified ^^^Smmw.
success.
Made in
plain leath-

er grains or
richly em-
bossed de-
signs, all

standard
colors.

A Piece
18x18 in.
for 25 cents
ia stamps.
Free sample
15x6 in. for
ac. stamp and
your uphol-
sterer's ad -

re"'
Awarded GOLD MEDAL at Buffalo.

CAUTION—There are dangerous and worthless imitations ;
genu-

ine has Pantasote stamped on goods.

PANTASOTE CO., Dept. Z, 1 1 Broadway, New York.

Spring & Summer
24 Years the

Standard of Excellence

Only True

Sanitary Underwear

SPECIAL LIGHT WEIGHTS FOR SUMMER.

ILLUSTRATED CATALOGUE FREE

NEW YORK

:

BROOKLYN

:

BOSTON

:

PHILADELPHIA
CHICAGO:

(16 West 23d Street
\155-157 Broadway
504 Fulton Street
230-332 Boylston Street

9U Chestnut Street
82 state Street

Agents In nft Principal GHIns.

STATIONERY
BY MAIL

THE
:? THE

Qt University of Chicago Press

has exceptional facilities for filling mail orders

tor the latest styles of stationery and other

fine papers
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An Excellent Line of Whiting's Standard

Fine Writing Papers
in all the latest styles, kept regularly in stock, both in

.

boxes and by the quire

Whiting's Number
Standard Linen

One Quality and

are especially reco 1(1 «t#'

onogram Embossed Paper and Pads o

all Sizes

Orders taken for Fine Engraved

Calling: Cards at Reasonable Prices

yacati
If so,

Do you expect to treat yourself to

vacation trip this summer? If a

write for a copy of the

Wabash Summer Tour Booh

giving a great variety of attractive

tours with cost of tickets and other

i„ a hle information* Write us

business

those
* » * *

U

&*tail Department

OF CHICAGO PRESS
CHICAGO, tiJJMOtS

r q r rut* G.P.&T.A., F. A, Palmer, A.G.P.A..
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Far and away theBest Developing Paper made
Ifyourdealercannotsttppljyoa send 20c- for one dozen 4x5 sixe with Dercloper.

THE ANTHONY c* SCOVILL CO.
122-124 Fifth Ave., 17th and 18th Streets - - New York
Atlas Block,* Randolph Street and Wabash Ave. m Chicago

ORCHESTRA
Instruments, Violins, Flute6, Mandolins, Guitars,
Banjos, Ac. Lyon & Healy and "Washburn" in-
struments are in use everywhere and are sold by
leading: music dealers. Ask for ' 'Dept. G' ' Catalog,
Illustrated, mailed free. IV s a money-saver.
LYON & HEALY, - 3$ Adams St., Chicago, 111.

!•» Largest Music House. Sell! "Everything known in llusie.'*

Do You Want a

Genuine Bargain
in a Piano?

We have hundreds of Upright Pianos returned from renting
which must be disposed of at once. These pianos include
Steinways, Knabes, Fischers, Sterlings and other well known
makes. Many cannot be distinguished from new, yet all are
offered at a great
as low as $100. Also
right* at $125,
A magnificent in-
fully equal to many

FROM
discount. Uprights
beautiful new IJp-
$135, $150 and $165.
strument at $290,

$400 pianos. Easy
monthly payments accepted. Freight is only about $5. Write
at once for complete list and full particulars. You can make a
great saving by securing your piano from us. Every piano war-
ranted as represented. *'A Piano Book," free. Write today.

LYON
38 Adams St., CHICAGO.

World's largest music hoas»; s«U "Everything known in MoilC.**

Rare Old Violins
Largest and finest collection on this continent.
Fine catalogue (free> containing: 50 fac-simile
labels in colors and Biographies of all the
noted makers. List and particulars of Solo
instruments from $50 to $10,000. Monthly
payments may be arranged. Violins sent on
6even days examination. Formal Certificate
of Genuineness with each instrument.

LYON & HEALY, "cbSS*

IFYOU
OF A PERSO

& Alton Railway

STS ENGINEER.
send the address

who, within a year,
for the Chicago

(TERRITORY COVERED OITTLINED IN
ABOVE MAP', WE WILL MAIL TO YOU
A PICTURE, 4 '% X3 INCHES, OF THE
Alton's Engineer, If, in addi-
TION,YOrjWILL TELL U8 IN WHAT
PrBLIOATION YOU READ THIS AD-
VERTLSE.MENT, WE WILL SEND TO
YOU A PAMPHLET ABOUT THE BIG-
GEST CAMERA IN THE WORLD.

Geo. J. Charlton,
GaHmRAi, P&sskngek Agit«t, Chicaoo A

Amok Hailwat,
CHICAGO, ILLINOIS.
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CAMERA
NEEDS LIGHT

i.

THAN ANY OTHER

WILL nuke pictures when

others fail, and will take

anything others can. Most com-

pact, lightest and most complete.

A wonderful instrument for

obtaining full-timed results when

speed is essential Fitted with

the famous
I

m

a

Goerz Lens and

Focal Plana Shuita
•v

.
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Gulogm fr*r from ?a* Jukrm

CP.Goerz Optical Works

Mill 9FR&E - Saris, f
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A Field
Toxirist
Is an experienced tourist, one who has
learned that a good Field Glass is the extra
sense that brings the out-of-reach into easy-
view. It is the same with the Sportsman,
Yachtsman, Ranchman, Residents at seaside
or mountain.

Bausch Lomb eiss

STEREO Binocular
Glasses

Are the Best in the World, used by the
armies and navies of the great nations. Small,
Light, Enormous Field and Power. Bausch
and Lomb Binoculars stand next. Cost less.

AT ALL DEALERS

BOOKLET U.P. TELLS WHY
Bausch & Lomb Optica!Co.
New York

VOLUTE

BOCHESTER, N. Y. Chicago

THE PERFECT PHOTO

SHUTTER
Fits Any Lens Precise as a Watch
This new shutter does anything the photographer can ask of it
automatically; any desired exposure from Express Trains,
Athletes, and Race Horses to Time Exposures. The Smallest,
Best Made, Most Scientific. All working parts enclosed.

Volute Shutter and Bausch & Lomb-Zeiss Anastigmat or
Plastigmat Lens is an ideal combination for your camera.

Send for descriptire Booklet U. P.

Bausch & Lomb Optical Co.,
New York ROCHESTER, N. Y. Chicago

CROWN

Noble in Tone

Chaste Appearance

Durability Unquestioned

EO. P. BENT
Manufacturer Chicago

LONG LIVED

STYLE 4405

estments, instro

ments have extraordinarily long lives.

They are thoroughly well made and are
absolutely mouse proof. One^ great

source of annoyance and expense is thus
removed. Our latest model, style 4405,

has just began its career, but has lived

long enough to earn popularity and
show that it is like its fore-runners in

itayin <*
o and

BOSTON. NEW YORK. CHICAGO.





In All Forms
of Bright's

*§

Disease, Albuminuria of Pregnancy, Uric Acid
Diathesis, Gout, Rheumatism, Lithaemia, Renal
Calculi, and Stone of the Bladder, Etc., Etc.

Dr. George Ben Johnston, Richmond, Va., ex-President Medical Society of Vir-
ginia and Professor of Gynecologg and Abdominal Surgery, Medical College of Virginia:
IF I WERE ASKED WHAT MINERAL WATER HAS THE WIDEST RANGE OF

USEFULNESS, I WOULD UNHESITATINGLY ANSWER BUFFALO LITHIA. It is a most
valuable remedv in manv obscure and stubborn conditions which, at best, yield slowly, if at all, to

drugs. In URIC ACID DIATHESIS, GOUT, RHEUMATISM, LITtLEMIA, and the like, its

beneficial effects are prompt and lasting.

"Almost any case of Pyelitis and Cystitis will be alleviated by it and many cured.
"

1 have had evidence of the undoubted DISINTEGRATING, SOLVENT, and ELIMINATING
POWERS of this water IN RENAL CALCULUS, and have known its long continued use to per-

manently break up the gravel-forming habit.

" It is an agent of great value in the treatment of the Albuminuria of Pregnancy, and is an

excellent diuretic in Scarlatina and Typhoid Fever. In ail forms of BR1GHTS DISEASE,
except those hopelessly advanced, its good effects are pronounced. I believe it has been

the means of prolonging many lives in this trouble.'*

John V. Shoemaker, W.D., LL. D„ Professor ofMateria Medicaand Therapeu-

tics in the Medico-Chirurgical College of Philadelphia, etc^ in the New York Medical Journalt

June 82, 1899: "The BUFFALO LlTHIAWffTER is «*»-* EFFICIENT in Rheu-

Uric Acid and Phosphatic sediments, as well as other products

the same time it exerts a moderately stimulant effect upon the renal

swift removal of insoluble materials from the body. Without such

matism

action insoluble substances will precipitate in the Kidneys suffering

together with consecutive pyelitis and cystitis, are avoided by prompt elimination.

Unquestionably," although the speedy removal of Uric Acid and other products of faulty tissue

change is of conspicuous benefit, yet to PREVENT their formation is a service still more important

This service Is performed by the BUFFALO LlTHIA WATER *?** * co
??

e
?

those digestive failures which are responsible for the production of deleterious materials.

James L. Cabell M.D., 4UM.y LL.D., Formeriy Professor of Physiology and

Surgery in the Medical Department of the University Qfjjrgwia, a^£*^*fffe N̂ ~
<* Board of Health, says :

*

'BUFFALO LlTHIAWHIR *jj^^^T* * *

weU-knowa therapeutic resource. It should be recognized fry the profession

article of Materia Medio."

W Wallet, Professor of Chemistry, University of Virgmia. (Extract

Calculi discharged RpfHyjQ LfTHlAWATER *** No*
Z)

.v -

MAINLY
"It seems on the whole probable that the action of firewater rs P*"***1ff^

opoii URIC ACID and the URATES, but when feiese constituents occur akrag
ff**f

<«

Anting matter to Phosphatic or Oxalic Calculus material, the lattermay be sndetached and

broken down as to disintegrate the <**n* as a wbcrie to tbestt cases, aise ifees $mmm
charge*

»*

Spring No. 1 is both a NERVE I t wmc
ANdSMIC SUBJECTS is to fee preferad.

BUFFALO LlTHIAWATER
ials which defy aB

' *V
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MME. MARCELLA SEMBRICH

For sympathetic purity and richness

of tone, evenness of action and beauty

of touch, the Weber Piano is admirable.

hasthe largestsaleintheUnited
States,because ifyields the mast
andhostforfhemoney.

NOTE THETRME-MARK ON EVERYCAN

WALTER BAKER&OW»
fS8Mfrt»0t»"SO A -

April 27, 1902.

Marcella Sembrich
1

WEBER WAREROOMS
108 FIFTH AV&, NEW YORK
266 WABASH AVE,, CHICAGO

'


